LOAN  DOCUMENT 


19970703  055 

DATE  RECEIVED  IN  DTIC  REGISTERED  OR  CERTIFIED  NUMBER 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-FDAC 


DTICJ2^70A 


DOCUMEMT  PROCESSING  SHEET 

LOAN  DOCUMENT 


9mm  umm  UAmmim 

SToacisBXHAtarrB). 


a  ^  ;z;  Q  !■:)  M  g  hh  h  a  u  ^  a 


WL-TR-97-4041 


PROCEEDINGS  OF  THE  ANNUAL 
MECHANICS  OF  COMPOSITES 
REVIEW  (4™) 


Sponsored  by: 

Air  Force  Materials  Laboratory 
Nonmetallic  Materials  Division  of  the 

and 

DOD/NASA  Composites  Interdependency  Panel 
on  Tolerance  and  Durability 


APRIL  1997 

FINAL  REPORT  FOR  PERIOD  31  OCTOBER  1978  -  2  NOVEMBER  1978 
Approved  for  public  release;  distribution  unlimited  I 


MATERIALS  DIRECTORATE 
WRIGHT  LABORATORY 
AIR  FORCE  MATERIEL  COMMAND 
WRIGHT-PATTERSON  AFB  OH  45433-7734 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  Information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1 .  AGENCY  USE  ONLY  (Leave  blank) 


4.  TITLE  AND  SUBTITLE 


REPORT  DATE 

April  1997 


,  REPORT  TYPE  AND  DATES  COVERED 

Final  Report  31  October  1978-2  November  1978 


5.  FUNDING  NUMBERS 


PROCEEDINGS  OF  THE  ANNUAL  MECHANICS  OF  COMPOSITES  REVIEW 
(4th) _ 


6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Materials  Laboratory 
Nonmetallic  Materials  Division 
Wright-Patterson  AFB  OH  45433 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
Materials  Directorate 
Wright  Laboratory 
Air  Force  Materiel  Command 
Wright-Patterson  AFB  Ohio  45433-7734 
:Tammv  Oaks,  WL/MLB 


11.  SUPPLEMENTARY  NOTES 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 

WL-TR-97-4041 


12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 


1 3.  ABSTRACT  (Maximum  200  words) 


This  report  contains  the  basic  unedited  vu-graphs  of  the  presentations  at  the  "Mechanics’*  of  Composites  Review"  sponsored 
jointly  by  the  Non-metallic  Materials  Division  of  the  Air  Force  Materials  Laboratory,  the  Structures  Division  of  the  Air  Force 
Flight  Dynamics  Laboratory  and  the  Directorate  of  Aerospace  Sciences  of  the  Air  Force  Office  of  Scientific  Research.  The 
presentations  cover  current  in-house  and  contract  programs  under  the  sponsorship  of  these  three  organizations. 


14.  SUBJECT  TERMS 


115.  NUMBER  OF  PAGES 


epoxy-matrix  composites;  composite  materials;  resin  matrix  composites;  composite  bonded  joints;  215 

fatigue  of  graphite/epoxy  composites;  fracture  and  fatigue  of  bi-materials  1 6.  price  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


1 9.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRAC 
OF  ABSTRACT 


UNCLASSIFIED 


standard  Form  298  (Rev.  2-89)  (EG) 

Prescribed  by  ANSI  Std.  239.18 

Designed  using  Perform  Pro,  WHS/DIOR,  Oct  94 


1 


FOREWORD 


This  report  contains  ihe  basic  unedited  Vu-graphs  of  the  presentations  at 
the  Fourth  Mechanics  of  Composites  Review  sponsored  jointly  by  the 
Nonmetallic  Materials  Division  of  the  Air  Force  Materials  Laboratory  and 
the  DOD/NASA  Composites  Interdependency  Panel  on  Damage  Tolerance 
and  Durability,  The  presentations  include  an  overview  of  each  participating 
organizations  program  in  mechanics  of  composite  materials,  followed  by 
detailed  presentations  on  specific  programs.  This  is  the  first  attempt  to 
put  together  a  detailed  program  covering  activities  throughout  DOD  and  NASA. 
Programs  not  covered  in  detail  in  the  present  review  are  candidates  for 
presentation  at  future  mechanics  of  composites  review.  The  presentations 
cover  both  in-house  and  contract  programs  under  the  sponsorship  of  the 
participating  organizations. 

Since  this  is  a  review  of  on-going  programs,  much  of  the  information  in 
this  report  has  not  been  published  as  yet  and  is  subject  to  changes,  but 
timely  dissemination  of  the  rapidly  expanding  technology  of  advanced 
composites  is  deemed  highly  desirable.  Works  in  the  area  of  mechanics 
of  composites  have  long  been  typified  by  disciplined  approaches.  It  is 
hoped  that  such  a  high  standard  of  rigor  is  reflected  in  the  majority,  if 
not  all,  of  the  presentations  in  this  report. 

Feedback  and  open  critique  of  the  presentations  are  welcome.  Comments 
concerning  the  desirability  of  continuing  the  mechanics  of  composites  review 
in  conjunction  with  DOD/NASA  Composites  Interdependence  Program  are 
especially  welcome.  Special  thanks  are  due  to  James  M,  Whitney  of  the 
Nonmetallic  Materials  Division  for  his  effort  in  organizing  this  review. 

Again,  suggestions  and  recommendations  from  all  participants  will  be  most 
important  in  the  planning  of  future  reviews. 


<T.  M.  KELBLE,  Chief 
Nonmetallic  Materials  Division 
Air  Force  Materials  Laboratory 
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NASA  RESEARCH  ON 
MECHANICS  OF  COMPOSITES 
AND  RELATED  SUBJECTS 


Herbert  F.  Hard  rath 
Materials  Division 
Langley  Research  Center 


OVERVIEW  TOPICS 
FLIGHT  SERVICE 

AIRCRAFT  ENERGY  EFFICIENCY  (ACEE) 

GRAPHITE  FIBER  ELECTRICAL  HAZARD 

ALTERNATE  MATERIALS  DEVELOPS  NT 

COMPOSITES  FOR  ADVANCED  SPACE  TRANSPORTATION 
SYSTEM  (CASTS) 
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COMPOSITE  STRUCTURES  FLIGHT  SERVICE  PROGRAM 
(September  1,  1978) 


AIRCRAFT,  COMPONENT 

CH-5AB  TAIL  CONE 
L-1011  FAIRING  PANELS 
737  SPOILER 
C-130  CENTER  WING  BOX 
DC-10  AFT  PYLON  SKIN 
DC-10  UPPER  AFT  RUDDER 

GRAND  TOTAL 


CUMULATIVE  FLIGHT  HOURS 

HIGH  TIME 
AIRCRAFT 

TOTAL 

COMPONENT 

1,130 

1,130 

19,951 

221,130 

13,506 

1,058,560 

2,815 

5,615 

8,800 

26,000 

9,926 

99,035 

1,361,970 

A  C  E  E  COMPOSITE  COMPONENTS 

SECONDARY  STRUCTURES  PRIMARY  STRUCTURES 


ACEE  COMPOSITE  COMPONENTS  SUMMARY 


COMPONENT 

METAL  DESIGN 
BASELINE  WT. 
kg 

COMPOSITE  DESIGN 
ESTIMATED  WT. 
kg 

EXPECTED 

WT.  SAVINGS 
% 

NO.  PER 
AIRCRAFT 

QUANTITY  TO 

BE  BUILT 

727  ELEVATOR 

128.3 

92.7 

28 

2 

11 

(1  G.T.) 

DC-10  RUDDER 

A1.3 

27.7 

33 

1 

11 

(1  G.T.) 

L-1011  AILERON 

63.5 

97. 5 

25 

2 

22 

(2  G.T.) 

737  HOR.  STAB. 

118.2 

86.2 

27 

2 

11 

(1  G.T.) 

DC-10  VERT.  TAIL 

'123.  g 

337.6 

20 

1 

8 

(2  G.T.) 

L-1011  VERT. 'TAIL 

389.0 

292.8 

25 

1 

3 

(2  G.T.) 

RISK  ANALYSIS  SCENARIOS 


•  ’  .  ■ 


f  COAL/OIL/ GAS 

ELECTRIC  GENERATION  - 


COMMERCIAL  ,  .4 


NUCLEAR  POWER 
GENERATION  ^ 

DISTRIBUTION 
AERONAUTI  CAL 

FACILITIES^.^^^,  cunbblMn  \  ^PUBLIC  \ 

SERVICE  /A 

/\  X  ' 


"^MANUFACTURING 


/' 


\ 


y 


STATUS  OF  RISK  /WALYSIS  PROGRAM 

Release  of  Fibers 

•  Dependent  upon  agitation  of  residue 

•  Less  than  1-2X  released  as  single  fibers 

e  Most  single  fibers  are  very  short  (less  than  3  mn) 

Dissemination 

•  Footprints  of  fibers  may  be  greater  than  first  expected 

•  Higher  plume  heights  give  longer,  broader  footprints;  but  lower  fiber  concentrations 
Vulnerability 

•  Greatest  risk  to  low  voltage  (5-6  volts)  electronics 

•  Many  110  volt  motors  and  appliances  are  Invulnerable 

•  High  voltage  (over  'I'JO  volts)  effects  not  established 

Protection 

•  Conformal  coatings,  filters  offer  some  protection 
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ALTER  IJ  ATE  MATERIALS  THAT  PROVIDE  LESS  ELECTRICAL  RISK 


Goals:  1.  Provide  fibers  having  high  resistivity 
Retain  or  improve  strength 

2.  Inhibit  graphite  release  in  fires 


Status: 

F-iber  Modification  Fiber  . Type 


Effect  .Qfi  Strength 


Intercolate  6r 
with  O2 


Type  P  Fibers 

6Y-70 

T300 

HHS 


10,000  ] 
2,000  / 
100  > 
10 


Special  Process  to 

Alter  6r  structure  Pitch  Grades  50,000 


Not  Measured 


None 


Oxidized  Si  C  Coated 

Fibers  HTS  1,000,000  Not  Measured 


Hybridized  Composites 


Glass  Outer  Layers 
Boron  Outer  Layers 
Kevlar  Outer  Layers 


j 


Greatly  reduce  quantity  of  fiber  released 
No  EFFECT,  Kevlar  burns 


COMPOSITE  AFT  BODY  FLAP  FOB  SPACE  SHUTTLE 


Material 

STRUCTURAL 

WEIGHT. 

lb 

TPS 

WEIGHT, 

lb 

TOTAL 

WEIGHT, 

lb 

aluminum 

450 

872 

1322 

Gr/Pi 

356 

615 

971 

A  WEIGHT 

94 

257 

351 
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MATERIALS  EVALUATED  FOR  ELEVATED  TEMPERATURE  SERVICE 


NRI50B2 

nutn  -1  r  If 

‘f  TiK  1-^  1 1 

misok/^ 

nnA_ 

T  T  vJi 

PMR-15 

itfTfnn  - 

-pi  /ii- 

T(523D- 

LARC-160 

■Fli^ 

THERMID  600 

A-T-i  rv  - 

ADHESIVE 

FM-3A 
LARC  13 
•RR150B2G- 

nriA 

TTtr 

A7nA_ 

RTV  560-SQX 


ElMR 

1  tTA 

ttttrr 

•HODHOR-I-T 

HT&-^ 

CELION 

ASA 


INFLUENCE  OF  ENVIRONMENT  ON  CELION  6000/PMK-I5  STRENGTH 


(P  SHORT  BEAM  SHEAR 


125  HRS 

AS-FABRICATED  ®  600°F 


0°  FLEXURE 


125  HRS 


AS-FABRICATED  @  600°F 
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GRAPHITE/POIYIMIDE  DESIGN  ALLOWABLES  FOR  CASTS 


VECIHEH  TYPES 

0  niaix 

•  nut 

•  m  NiiTf 

o  Miia  iMms 

•  rucTiit 

•  nmu 

t  lutm  rEorutnoii 


UST  EPPERMUS 


*  -  >  „% 

,  4  I  ,i  ■ " 


TT'I 


I' 


<! 


r  I 


I  ,  _  ■' 


^MVIRONHEHTS 
e  -2Si)  T,  IT,  AND  EOOT 
e  MUSIUltE  COHOITIONINC 
c  IIEIVAI CTCLINC 

flHINATE  COHriGURATIQHS 
r,  M'.tW.  AND  ID7«'.»1| 


PM*  gyipui 
e  niEU  iiiAM  cum 
o  Hiim  nuKTU 

o  uiiu 

« roiuu'iiAiii 

•  ruciiu  iiKiiim 

•  rintiE  tTiutn 

O  HTICIE  UK 

•  lEIONI  UIEI 


SUBSEQUENT  SPEAKERS 


CHRIS  CHAMIS  -  MATERIALS  AND  STRUCTURES  DIVISION,  LEWIS 
"COMPOSITES  FOR  ENGINE  APPLICATIONS" 

BLAND  STEIN  -  MATERIALS  DIVISION,  LANGLEY 

"ENVIRONMENTAL  EFFECTS  ON  COMPOSITES" 

G.  LARRY  RODERICK  -  MATERIALS  DIVISION,  LANGLEY 
"FATIGUE  OF  COMPOSITES" 

JOHN  R.  DAVIDSON  -  MATERIALS  DIVISION,  LANGLEY 

"FATIGUE  OF  JOINTS  AND  DAMAGE  TOLERANCE  IN  COMPOSITES" 

JAMES  H.  STARNES  -  STRUCTURES  AND  DYNAMICS  DIVISION,  LANGLEY 
"ADVANCED  COMPOSITE  COMPRESSION  STRUCTURES" 
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ENVIRONI«OTAL  EFFECTS  ON  COMPOSITES 


BLAND  A.  STEIN 
MATERIALS  RESEARCH  BRANCH 
LANGLEY  RESEARCH  CENTER 


USE  OF  WEATHER  DATA  TO  PREDICT  MOISTURE  CONTENT 
IN  RESIN  MATRIX  COMPOSIIES 


OBJECTIVE!  TO  PREDICT  THE  MOISTURE  CONTENT  IN  FLIGHT  SERVICE  ENVIRONMENT 


APPROACH!  0  SOLVE  THE  DIFFUSION  EQUATION  BY  FINITE  DIFFERENCE  TECHNIQUE 

0  EFFECTIVE  DIFFUSION  COEFFICIENT  OBTAINED  FROM 
STATIC  ABSORPTION/ULSORPIIUN  COUPON  ibSIS 

0  SURFACE  CONCENTRATION  ASSUMED  PROPORTIONAL  TO 
RELATIVE  HUMIDITY  OF  ENVIRONMENT 


0  WEATHER  DATA  DEFINES  GROUND  EXPOSURE  CONDITIONS 

0  USE  AIRCRAFT  UTILIZATION  DATA  TO  DEFINE  TYPICAL  FLIGHT 
SCENARIOS  FOR  COMMERCIAL  AIRCRAFT 

0  USE  SOLAR  RADIATION  DATA  TO  ESTIMATE  EFFECTIVE  TEMPERATURE 
LARC  ENVIRONMENTAL  EFFECTS  ON  COMPOSITES  RESEARCH 


0  TYPICAL  RESEARCH  RATIONALE 

0  PREDICTION  OF  MOISTURE  ABSORPTION 
0  USE  OF  WEATHER  DATA 
G  SOLAR  HEATING  EFFECTS 
0  SENSITIVITY  TO  DIFFUSION  COEFFICIENTS 
0  COMPARISON  WITH  WORLDWIDE  GROUND  EXPOSURE  DATA 

0  ENVIRONMENTAL  EXPOSURE  EFFECTS  FOR  COMMERCIAL  AIRCRAFT  SERVICE 

0  TIME-TEHPERATURE-STRESS  TESTS  OF  COMPOSITES  FOR  SUPERSONIC  CRUISE 

0  ENVIRONMENTAL  EXPOSURE  EFFECTS  FOR  SPACE  TRANSPORTATION  SYSTEMS 

0  DURABILITY  OF  COMPOSITES  IN  SPACE 
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CALCULATED  MOISTURE  CONTENT  FOR  DIFFERENT  GROUND  STATIONS 
T3005208  24-Ply  Laminate 


ANALYTICAL  RESULTS 


REPORTED  CHANGES  IN  D  DUE  TO  CYCLIC  WETTING  AND  DRYING  RESULTS  IN: 

0  NO  SIGNIFICANT  CHANGE  IN  AVERAGE  MOISTURE  CONTENT 
0  SIGNIFICANT  CHANGE  IN  ABSORPTION  -  DESORPTION  ZONE  DEPTH 

AVERAGE  MOISTURE  CONTENT  INVERSELY  RELATED  TO  SOLAR  ABSORPTANCE 

AVERAGE  MOISTURE  CONTENT  DIRECTLY  RELATED  TO  HEAT  TRANSFER  COEFFICIENT 

VERTICAL  PANEL  ABSORBS  ABOUT  15%  MORE  MOISTURE  THAN  A  HORIZONTAL  PANEL 

AVERAGE  MOISTURE  CONTENT  IS  ABOUT  THE  SAME  FOR  ALL  NON-DESERT  LOCATIONS 

SOLAR  EXPOSURE  DECREASES  AVERAGE  MOISTURE  CONIENT  BY  ABOUT  25%  REGARDLESS 
OF  LOCATION 
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NASA  lANGlEY  RESEARCH  CENTER 
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SUmARY 


0  THE  ABSORPTION/DESORPTION  BEHAVIOR  OF  RESIN  MATRIX  COMPOSITES 
CAN  BE  ADEQUATELY  DESCRIBED  BY  DIFFUSION  THEORY 

0  MOISTURE  CONTENT  CAN  BE  PREDICTED  FROM  MONrilLY  OR  YEARLY  AVERAGED 
WEATHER  DATA 

0  T300/5208  COMPOSITE  REACHES  AN  EQUILIBRIUM  MOISTURE  LEVEL  OF 

APPROXIMATELY  1  WT.%  WHEN  EXPOSED  AT  DIFFERENT  LOCATIONS  AROUND 
THE  U.  S. 

0  FLIGHT  SERVICE  RETARDS  MOISTURE  PICK-UP  AND  MAY  LOWER  IHE 
EQUILIBRIUM  MOISTURE  CONTENT  BY  10  TO  20% 

0  SOLAR  HEATING  MAY  LOWER  THE  EQUILIBRIUM  MOISTURE  CONTENT  BY  AS  MUCH 
AS  25X 


ENVIRONMENTAL  EXPOSURE  EFFECTS  ON  COMPOSITES 
FOR  COMMERCIAL  AIRCRAFT  -  CONTRACT  NAS1-151A8 
BOEING  COMMERCIAL  AIRPLANE  COMPANY 


PBjECTiy£S 


0 

0 

0 


EFINE  EFFECTS  OF  LONG-TERM  EXPOSURE  TO  MOISTURE  ON  THE  MECHANICAL 
PROPERTIES  OF  COMPOSITE  MATERIALS 

STABLISH  METHODS  FOR  ACCELERATED  ENVIRONMENTAL  TESTING 
IeVELOP  MATH  MODEL  TO  PREDICT  LONG-TERM  PERFORMANCE  OF  COMPOSITES 


MATERIALS. 

NARMCO-T300/5208,  FIBERITE-T300/103A,  NARMCO-T300/5209 


TASKS 

I. 


II. 

III. 


IGHT  EXPOSURE:  3  AIRLINES  -  INTERIOR  AND  EXTERIOR  SPECS  -  10 

0IJND*^EXP0SURE:  A  SITES  -  LOADED  AND  UNLOADED  SPECS  -  10  YEARS 
CELERATED  ENVIRONMENTAL  EFFECTS  AND  DATA  CORRELATION:  LAB 

-  “klate  results  -  identify  accelerated  testino 

PROCEDURES  -  DEVELOP  MATH  MODEL 


11 


08a44CVE7122 


TENSILE  STRENGTH  AT  TEMPERATURE 

AFTER  AGING  AT  SAME  TEMPERATURE 


RESIDUAL  PROPERTIES  AFTER  10  000  HOURS  FLIGHT 

SIMULATION  TESTING 
CRAPHITE/EPOXY  (A- S/3501 ,  0«  ±  45*) 


BASELINE 

10  000  HOURS 

FLIGHT  SIMULATION 

T  «  275  ®F 
max 


UNNOTCHEO  TENSILE 


NOTCHED  TENSILE 


COMPRESSIVE 


UNNOTCHEO  FATIGUE  (N  =  10  I 
NOTCHED  FATIGUE  (N  =  10^) 


0  20  40  60  80  100 
ROOM  TEMPERATURE  STRENGTH,  ksl 


NASA  lANGlEY  RESEARCH  CENTER 
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NASA-longl«y,  Form  92  (APR  69) 


TIME  -  TEMPERATURE  -  STRESS  CAPABILITIES  OF  COMPOSITES 
FOR  SUPERSONIC  CRUISE  AIRCRAFT 


KKHUg/UrWXT  MUnwni  -I  w...  . 

FOR  Exposures  >10,000  Hours  Because  of 


Limited  to  <39^K  (250°F) 


0  Moisture  Effects  on  Elevated  Temperature  Strength 
(Matrix  Degradation) 

0  toss  OF  Residual  Tensile  Strength  During  Thermal  Aging 
(Oxidation  Induced  Matrix  Degradation) 

0  Early  Flight  Simulation  Test  Failures 

(Compression  Load/Oxidation  Induced  Matrix  Degradation; 


TIME  -  TEMPERATURE  -  STRESS  CAPABILITIES  OF  COMPOSITES 
FOR  SUPERSONIC  CRUISE  AIRCRAFT 


k'lMlIlul 


Because  of 


iiM  (R/fififin  Limited  to  ^5QK  (350°F)  for  Exposures  >  10,000  Hours 

F 

toss  OF  Residual  Tensile  Strength  During  Thermal  Aging 
(Interface  Diffusion  Induced  Fiber  Degradation) 


0  High  Temperature  Fatigue  Effects 

(Matrix  Surface  Cracking/Oxidation) 

,n>,/PoiviMtnF  (B/P1Q5A1HOT  Suitable  for  This  Application. 

(Lack  of  Thermal  Exposure  Stability  in  Matrix  for  1000  Hours  at 

505K 

.ou.T./Pn,v,M,DE  (HI=SZZlQi  Limited  to  505K  for  Exposures 


>10,000  Hours  Because  of 

0  Loss  OF  Residual  Tensile  Strength  During  Thermal  Aging 
(Oxidation  Induced  Matrix  Degradation) 


VSA'lonalav.  Fo”" 


NASA  lANGLEY  RESEARCH  CENTER 
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CASTS  ENVIRONMENTAL  EFKECTS  PROGRAM 


1...  r....  An /«oo  iKO\ 


NASA  lANGlEY  RESEARCH  CENTER 
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SUf-IMARY  Of 

U\RC  ENVIRONMENTAL  EFFECTS  ON  COMPOSITES  RESEARCH 


0  A  RANGE  OF  NASA  INTERESTS  COVERED 

0  COMMERCIAL  AIRCRAFT  SERVICE 
0  SUPERSONIC  CRUISE  APPLICATIONS 
0  ADVANCED  SPACE  TRANSPORTATION 
0  URGE  SPACE  STRUCTURES 


0  SIGNIFICANT  ACCOMPLISHMENTS  HAVE  BEEN  MADE 

0  PREDICTION  OF  MOISTURE  ADSORPIION  IN  SERVICE 
0  MEASUREMENTS  OF  MOISTURE  ABSORPTION  IN  U.S.  AND  OVERSEAS 
0  TIME-TEMPERATURE  LIMITATIONS  FOR  COMPOSITES  IN  LONG  TERM 
SUPERSONIC  CRUISE  SERVICE  SUGGESTED 
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FATIGUE  OF  COMPOSITES 


I.  COMPOSITE -REINFORCED  METALS 
IL  LAMINATED  COMPOSITES 

A.  ENVIRONMENT 

B.  COMPRESSION 

C.  ANALYSIS 


G.  L  Roderick  (USARTL) 
Structural  Integrity  Branch 
Langley  Research  Center 


n  rAtItUi  AtlAiYslii  or  RElMFORtiPMETAiS  !  1 
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CRACK  GROWTH  PREDICTION 


-A 


.5  1.0  L5 

a,  ia 


EXPERIMENTS  CONFIRM  ANALYSIS 


CALCULATIONS 


EXPERIMENT 


ENVIROMENTAL  FATIGUE  TESTS  ON  COMPOSITES 


eSAAINUTES 


EFFECT  OF  LOCAL  BUCKLING  CONSTRAINT  ON  COMPRESSION  FATIGUE  LIFE 

30ksi 

eSAPHlIE/EPOXY  [(45/O/-45/9OI2]. 

10' 


FATIGUE  LIFE, 
CVCLES 


NO  0.75x0.75  1.25x1.25  1.25x2.50 
CUTOUT 

SIZE  OF  CUTOUT  IN  ANTI-BUCKLING  PLATES, 
A'>‘B* 


DEVELOPMENT  OF  FATIGUE  ANALYSES 

I.  IDENTIFY  FATIGUE  FAILURE  PROCESSES 

II.  STUDY  ELEMENTS  OF  THE  FAILURE  PROCESSES 

III.  DEVELOP  ANALYSES 
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MONITORING  FATIGUE  DAMAGE 
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FIBER  FAILURES  IN  BORON-EPOXY  LAMINATES  UNDER  CYCLIC  LOADING  (45/0/-45/0)s 


FIBER  FAILURES  IN  BORON-EPOXY  LAMINATES  UNDER  CYCLIC  LOADING  (i|5/90/-45/0)s 
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EFFECT  OF  FREQUENCY  ON  FATIGUE  LIFE 
(+452»5  NOTCHED  Gr/Ep 


Hz 


PREDICTION  OF  FATIGUE  LIFE  FOR  <+45J. 


GRAPHITE  EPOXY 


PERCENT 

FAILURE 


PREDICTION  OF  FATIGUE  DAftAAGE  MODE 
IN  45  DEGREE  PLYS 

B/EP  <0/+45/0)s  S-.667Su 


HI 


RESIDUAL  STRENGTH 
LOCAL  STRESS 


FATIGUE  OF  JOINTS  AND 


DAMAGE  TOLERANCE  IN  COMPOSITES 


J.  R.  Davidson 
Structural  Integrity  Branch 
Langley  Research  Center 


MECHANICALLY  FASTENED  JOINTS 


STATIC  nr  AIM  fin  sini  nmii 
T300/5208  fiKAPiiiTE-EPOxY 
{0/A5/90/-n5)2s 


1200 


Bearing 

STRESS 


(MPa) 


1000 

800 


600 

m 


Uil4 


nrn 


200 


Boli  dia.  ”  6.35  MM 


L_ _ I _ _1 _ 1 - J- - • - 1 

0  2  A  6  8  10  12 

Bolt  iokuue.  N  m 
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BEARING  STRESS  S-N  CURVES 


Fatigue  life,  cycles 


STRESS  CONCENTRATIONS  IN  FINITE  SHEETS 
(T300/5208) 


t  I  t 


Stress 

Concentration 

factor 


FRACTURE  AND 
DAMAGE  TOLERANCE 


WEIGHT  INDEX  FOR  TENSION  PANELS 


/ 


7075  AL 


B/AL  [0/90/+45]2s 


G/EP  [+45/0/+45/0]; 


FRACTURE  OF  B/AL  LAMINATES 


Effect  of  Laminate  Orientation  on  Cracked  Strength 


FRACTURE  OF  B/AL  LAMINATES 
Effect  of  specimen  width,  [02/;|45j^ 
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FRACTURE  OF  B/AL  LAMINATES 


Correlation  of  Failing  Strains  and  Fracture  Equations 


Fracture  Equations 
-  Newman 


10  20  30  40  50  60 


Crack  length,  2a,  mm 


graph/te/epoxy  fracture  specimens 


OTHER  BASIC  FRACTURE  WORK  IN  PROGRESS 


INVESTIGATION  OF  b/aL  LAMINATES  WITH  HOLES 

INVESTIGATION  OF  Gr/Ep  LAMINATES  WITH  CRACKS  AND 
HOLES 

FRACTURE  ANALYSES  USING  DISCRETE  FIBER -MAFRIX 
MODELS 


WEIGHT  INDEX  FOR  TENSION  PANELS 


7075  AL 


B/AL  [0/90/+45]2s 


G/EP  [±45/0/±45/0]s 
G/EP  [{90/0)2/+45/0/-45/0] 


2024  AL 


b  -») 


DAMAGE  TOLERANT  PANELS 

Load  History  of  [45/0/ -45/90|2^  Gr/Ep  Panels  with  8-ply,  S-Glass  Buffer  Strips 


DAMAGE  TOLERANT  PANELS 

Strength  Analysis  for  [A5I0I Gr/Ep  Buffer  Strip  Panels  with  Arrested 

Cracks  50, 8-mm  Long 


500 


400 


Residual  300 
strength, 

MPa 

200 


100 


0 


2  4  6  8  10  12 


Number  of  S-Glass  or  Kevlar  plies  in  buffer  strip 
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OTHER  DAMAGE  TOLERANT  WORK  IN  PROGRESS 


TESTS  OF  PANELS  WITH  . 

[  45/o/-45/o]23  LAMINATES 

MYLAR  INTERPOSED  BUFFER  STRIPS 
BONDED  STRINGERS 

ANALYSES  OF  PANELS 

DISCRETE  FIBER -MATRIX  MODELS 
WITH  BONDED  STRINGERS 
WITH  BUFFER  STRIPS 
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ADVANCED-COMPOSITE  COMPRESSION  STRUCTURES 


0  STIFFENED-PANEL  DESIGN  TECHNOLOGY 

0  EFFECT  OF  LOW -VELOCITY  IMPACT  DAMAGE  ON  COMPRESSIVE  STRENGTH 
0  RING-STIFFENED  CORRUGATED  CYLINDER 


JAMES  H.  STARNES.  JR. 

STRUCTURAL  MECHANICS  BRANCH 
LANGLEY  RESEARCH  CENTER 

NO- 


SIKUCIURAl  [IHCll(<(.Y  ol  SEVCKAL  STIKflhER  f  Ofll  loiiKAIIONS 


NASA 
t  77-77i7 


STIKFENED  PANEL  DESIGN  CODE  -  PASCO 


STRUCTURAL  PANEL  LOADING 
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NASA  LANGLEY  RESEARCH  CENTER 


Analysis 

liriodlu\{2 


Tcx'^\or  ScYiSS 
trvoJiul  6 


Resizing 

modluld 


•  ViPASA 

•  tS \  n* n c^t v*.i  \u I y  Si s 

•  CvV^e^'  ci.t v.lys(-S 


•  G'ine'ra'le  Taylor  series 

tor  Qpp\'0/<imate 

analyses 


COMMIT  opt'nnWcK 


G6^^e■ral  app'roc^ith  ueesi  m  prt'SfinT  pmcdaiu 


MACA.Innnlpv,  Form  92  (APR  69) 


NASA  LANGICY  RCSEARCH  CENTER 
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PANELS  DAMAGED  BY  IMPACT  IN 
THE-HIGH-AXIAL  STIFFNESS  REGION 


- DESIGN  BUCKLING  STRAIN 


j  FAILURE  STRAIN 
.OQSr 


HEAVILY  LOADED 
GfTAPlIITE  PANELS  (B) 


BORON/GRAPHITE 
HYBRID  PANELS  (C) 

1 - - - 1 


LIGHTLY  LOADED 
GRAPHITE  PANELS  (A) 


A3  A4  A5  B5  B6-  B7  B8  B9  BIO  BIT  Cl  C2  C3  C4 

TEST  PANEL. 


HASA  lANClEY  RESEARCH  CENTER 
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EFfli'.l  or  IMPACT-DAMAOE  ON  STATIC  COMPRESSION  STRENGTH 


CATASIRui’iilC  lAIIURE  ON  IMl'ACT  DAMAGED-SPEC IMEN  RESIDUAE  SIRENGlIl 


o  1)10  iMUl  FAII  ON  IMPACI 
•  I  A II II)  ON  IMPACr 


l,‘\lASIROI'IIIC 


PRoitCIIlL  KINETIC  energy,  j 

1  5  10  15 

_ 1,  1  ..  I  1 - 1—1  -  -1 

SI)  75 

PROJEClil'E  IMl'ACT  SPEED,  m/s 


o  STRAIN  AT  IMPACT 
•  STRAIN  AT  FAIIIIRE 


♦ 


•  • 

o  o 

PROJECTIlt  KINETIC  LNEKGY.  j 
1  5  10  15 

I  I _ L _ Iq - - oo  J 

0  25  50  75  lOO 

PROJECTIIE  IMPACT  SPEED,  ni/s 


42 


AIR  FORCE  MATERIALS  LABORATORY 


NONMETALLIC  COMPOS ITES/MECHAN ICS 
MECHANICS  OF  COMPOSITES/FAILURE  MECHANISMS 

OBJECTIVE;  IDENTIFY  THE  PHYSICS  OF  FAILURE  IN  LAMINATED 

COMPOSITES  UNDER  BOTH  STATIC  AND  FATIGUE 
LOADING. 

APPROACH;  PHYSICAL  OBSERVATION  OF  FAILURE  PROCESSES 

UNDER  HIGHLY  CONTROLLED  CONDITIONS. 

TRANSITION;  FORMS  THE  BASIS  FOR  DEVaOPING  A  MINER'S 

RULE  FOR  COMPOSITES. 


6T  NONHETALLIC  COMPOSITES/ 
MECHANICS 


GOAL;  To  identify  critical  failure  modes  from  which 

PERFORMANCE  CAN  BE  MONITORED  AND  PREDICTED. 


MECHANICS  OF  COMPOSITES/ 
FAILURE  MECHANISMS _ 

LIFE  PREDICTION 

LIFE  PREDICTION.  I/H  (6.2) 
(WUD  H5) 

IMPROVED  COMPOSITES  (6.2) 
UDRI 

DEFECT/PROP  (6.2) 

STATISTICAL  FAILURES  (6.2) 
FAILURE  OF  LAMINATES  (6.2) 


NONMETALLIC  COKPOSITES/MECHANICS 


MECHANICS  OF  COMPOSITES/DURABILITY 

OBJECTIVE;  DEVELOP  ANALYTICAL  AND  EXPERIMENTAL  METHODOLOGY 

FOR  PREDICTING  THE  COMBINED  EFFECTS  OF  MOISTURE/ 
TEHPERATURE/STRESS  ON  THE  MECHANICAL  BEHAVIOR  OF 
LAMINATED  COMPOSITES. 

APPROACH:  ANALYTICAL  MODELS  BASED  ON  EXPERIMENTAL  OBSERVATION 

OF  PHYSICAL  BEHAVIOR. 

TRANSITION;  PROVIDES  BASIS  FOR  ASSESSING  DURABILITY  OF 

COMPOSITES  FOR  MATERIALS  DEVELOPMENT  OR  FOR 
DESIGN  (3A.  AFFDL.  INDUSTRY). 


6T  nonhetallic  composites/ 

MECHANICS 

MECHANICS  OF  COMPOSITES/ 
DURABILITY 

GOAL:  To  insure  performance  of  composites  under  anticipated 

LOADS  AND  ENVIRONMENT  THROUGHOUT  ENTIRE  LIFE. 

FY78 

FY79 

FY80 

FY81 

FY82 

FY83 

TOTAL 

GURANTEED  PERFORMANCE 

DURABILITY^  I/H  (6.2) 

(^D  A5) 

IMPROVED  COMPOSITES  (6.2) 

UDRI 

MOISTURE  EFFECTS  (6.2) 

TIME-DEP  BEHAVIOR  (6.2) 

COMPR  LOADING  (6.2) 

LOAD  HISTORY  (6.2) 

ENVIRON  IMPACTS  (6.2) 

■ 

' 

' 

IBBIfl 

IIEQII 

IIEQI 

10311 

imii 

a 

— 

1 

1 

1 

L_ 
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NONMETALLIC  COMPOS I TES/MECHAN ICS 


MECHANICS  OF  COMPOSITES/MATERIALS  IMPROVEMENTS 

OBJECTIVE;  TO  ESTABLISH  RATIONAL  BASIS  TO  SELECT  CONSTITUENT 

MATERIALS,  INTERFACE  TREATMENT  AND  CURE  CYCLE 
FOR  IMPROVED  PERFORMANCE. 

APPROACH;  TO  USE  ADVANCED  THEORIES  OF  INELASTIC  AND  FAILURE 

MECHANICS  TO  MODEL  MICROMECHANICS  AND  CURE  CYCLE 
FROM  WHICH  FIGURES  OF  MERITS  CAN  BE  IDENTIFIED  AND 
QUANTITATIVELY  DEFINED. 

TRANSITION:  PROVIDE  KEY  INFORMATION  TO  7T,  6T  (MATERIALS).  3A 

AND  INDUSTRY. 


6T 


NONMETALLIC  COMPOSITES/  GOAL;  To  ESTABLISH  RATIONAL  CRITERIA  FOR  SELECTION  AND 
MECHANICS  PROCESSING  OF  CONSTITUENTS  AND  LAMINATE  MATERIALS. 


MECHANICS  OF  COMPOSITES/ 
materials  IMPROVEMENTS 


OPTIMUM  MATERIALS 

MATERIALS  IMPROVE,  I/H  (6.2) 

NOVEL  DESIGN 

(6.1) 

(6.2) 

OPTIMIZED  CURING 

(6.2) 

HYBRID  COMP 

(6.2) 

METAL  MATRIX  COMP 

(6.2) 

MAINTENANCE  FREE  COMP 

(6.2) 

FY78 

FY79 

FY80 

FY81 

FY82 

FY83 

mill 

Iran 

iiraii 

ira 

11 

■ 

— 

n 

TOTAL 


DURABILITY/LIFE  PREDICTION 
OF  COMPOSITES  AND  ADHESIVE  JOINTS 


TASK  I  MECHANICS  OF  COMPOSITES 

LIFE  PREDICTION:  ANALYTI CAL MODELI NG  BASED  ON  PROBABLI STI C  THEORI ES 
SHALL  BE  USED  TO  DEVELOP  A  SYSTEMATI C  TEST  MATRIX  FROM  WHICH  LIFE  PRE¬ 
DICTION  METHODOLOGY  SHALL  BE  DEVELOPED.  INTHE  EXPERIMENTAL  PHASE, 

THE  I NTERACTI  ON  BETWEEN  A  LOADI  NG  HI  STORY  AND  REALI  STI  C  ENVI RONMENTS 
SHALL  BE  CRITICALLY  ASSESSED.  LONG  TERM  DURABILITY  OF  COMPOSITES  CAN 
THEN  BE  EVALUATED  WITH  SPECIFIED  LEVELS  OF  RELIABILITY. 

FAILURE  MECHANI  SMS:  THIS  SHALL  BE  APPROACHED  ON  TWO  LEVELS;  THE  COM¬ 
POSITE  AS  A  WHOLE  AND  THE  I NTERFACI AL  LEVEL.  THE  APPROACH  WILL  I NVOLVE 
USING  SEVERAL  NDI  TECHNIQUES  TO  DETECT  AND  MONITOR  THE  DEVELOPMENT  OF 
DAMAGE  ZONES  IN  THE  COMPOSITE  AS  A  FUNCTION  OF  LOADING  AND  COMPOSITE 
PARAMETERS,  AND  THE  USE  OF  FRACTOGRAPHY  TO  STUDY  FRACTURE  SURFACES. 

THE  ROLE  OF  THE  FI  BER  SURFACE,  AND  FI  BER/MATRIX  INTERPHASE  ON  COMPOSITE 
DURABILITY  AND  MECHANICAL  PROPERTIES  WILL  BE  STUDIED  THROUGH  THE  USE  OF 
SURFACE  ENERGETICS,  SURFACE  COMPOSITION  AND  MICROSCOPIC  TECHNIQUES  ON 
SINGLE  FILAMENT  SPECIMENS.  INTERFACIAL  PROPERTIES  AND  DURABILITY  WILL  BE 
DETERM  I  NED  BY  MECHANI  CAL  TESTI  NG. 
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DEFECT  -  PROPERTY  RELATIONSHIPS  IN  COMPOSITE  MATERIALS 


Investigators 

E.  6.  HENNEKE  II,  K.  L.  REIFSNIDER,  W.  W.  STINCHCOMB 
Virginia  Polytechnic  Institute  Si  State  University 
Blacksburg,  Virginia 


OBJECTIVES: 

1.  To  IDENTIFY  THE  PRECISE  NATURE  OF  DAMAGE  DEVELOPMENT  IN  QUASI -ISOTROPIC 
GRAPHITE-EPOXY  LAMINATES  UNDER  VARIOUS  LOAD  HISTORIES. 

2.  To  DETERMINE  THE  PHYSICAL  PARAMETERS  WHICH  LEAD  TO  A  LOSS  OF  STRENGTH 

and/or  life. 

3.  To  ESTABLISH  THE  MECHANICS  OF  THE  INDIVIDUAL  AND  COMBINED  ACTION  OF  THESE 
PARAMETERS  AS  THEY  INFLUENCE  MECHANICAL  RESPONSE. 

To  ADDRESS  THE  QUESTION  OF  HOW  THESE  FINDINGS  CAN  BEST  BE  DESCRIBED  BY 

ANALYSIS. 

INVESTIGATIVE  PROGRAM. 

MATERIAL!  AS/3501  GRAPHITE  EPOXY 
SPECIMENS!  Type  I  -  {0, ±45, 90)^1 
Type  II  -  (0,90,±45)j, 

Type  III  -  (0,902  .±45)^ , 

Type  IV  -  (902*0, ±45)^ 


METHODS 

-Instrumented  Tensile  Tests 
-Fatigue  Tests 

-SEM  and  light  Microscope  Studies 
-Replication  Studies 

-Acoustic  Emission  and  Ultrasonic  Attenuation  Studies 
-VIDEO  AND  Thermographic  Studies 
-Sectioning  Studies 

-Laminate  Theory  Calculations  -  Failure  Predictions 
-Equilibrium  Element  and  Finite  Difference  Analyses 
OF  Damage  State 


GENERAL 

-Load  history  Studies 

-Transverse  Crack  and  Delamination  Investigation  - 
Initiation,  Growth,  and  Fracture 
-Technique  Development  -  Ultrasonic  Attenuation, 
Thermography,  Replication 
-Analysis  Evaluation  and  Development 
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EARLIER  FINDINGS 


Quasi-static  Loading 

1.  Cracks  appear  at  levels  op  load  as  low  as  i/3 

OF  ULTIMATE  FRACTURE  LOAD,  CORRESPONDING  TO  THE 
level  predicted  if  thermal  residual  STRESSES  ARE 
INCLUDED. 

i.  The  gradual  development  of  cracks  in  the  weakest 

FLY  <FIRST  ply  FAILURE)  OCCURS  OVER  A  RANGE  OF 
stress  bounded  above  by  a  stress  LEVEL  WHICH 
APPROXIMATELY  CORRESPONDS  TO  THE  “kNEE"  IN  THE 

load-extension  curve. 

3.  Cracks  do  propagate  from  one  layer  to  another, 

AND  across  the  WIDTH  OF  PLATE  SPECIMENS. 

A.  The  DIFFERENCE  IN  THE  STRESS  STATE  AT  THE  EDGE 
AND  INTERIOR  OF  THE  LAMINATES  IS  REFLECTED  IN 
DISTINCTIVE  DAMAGE  FEATURES  SUCH  AS  EDGE  DELAM- 
INATXON,  ANGULAR  CRACKING  OF  45*  PLIES  AT  THE 
COGE,  and  somewhat  HIGHER  CRACK  DENSITIES  IN  THE 
INTERIOR  IN  SOME  CASES. 

9.  Interlaminar  stresses  do  influence  damage  initi¬ 
ation,  GROWTH  AND  INTERACTION.  AS  EVIDENCED  BY 
A  DEPENDENCE  OF  FAILURE  STRENGTH.  AND  DAMAGE  MOOES 
ON  STACKING  SEQUENCE. 

4.  The  strength  of  the  [0®  ,90*  ,±45*]^  laminates  is 
SOMEWHAT  GREATER  THAN  THE  [0* ,±45® ,90* ] ^  LAMINATES. 


ClCUU  LOADING 

7,  Damage  in  these  laminates  consists  of  the  develop¬ 
ment  OF  equilibrium  spacings  of  cracks  in  each  ply 
BY  means  of  crack  INITIATION  AND  GROWTH  OVER  A 
significant  load  range  or  number  of  CYCLES  OF 
LOAD  application,  ThESE  EQUILIBRIUM  SPACINGS  CAN 
BE  PREDICTED  BY  ANALYSIS. 

B.  INITIAL  CRACKS  DO  NOT  APPEAR  TO  BE  OF  ANY  SPECIAL 
CONSEQUENCE. 

♦.  Cycled  loading  increases  the  density  of  cracks  in 
A  GIVEN  Ply  compared  TO  A  SINGLE  APPLICATION  OF 
LOAD  TO  THE  SAME  LEVEL.  The  MODE  OF  FAILURE  UNDER 
CYCLIC  LOADING  IS  NOT  IDENTICAL  TO  STATIC  FAILURE 
MOOES  UNDER  OTHERWISE  IDENTICAL  CONDITIONS. 

fliONPESTRUCTive  Investigation 

10.  Nondestructive  test  methods  such  as  stiffness 

determination,  video-thermography  and  measurement 
OF  ultrasonic  ATTENUATION  ARE  VERY  USEFUL  TECH¬ 
NIQUES  FOR  THE  DETECTION  AND  INVESTIGATION  OF 
DAMAGE  development. 

It«  Crack  formation  and  growth  in  the  interior  of  a 

SPECIMEN  CAN  BE  DETECTED  BY  NOT |  ULTRASONIC  METHODS 
APPEAR  TO  BE  BEST  SUITED  FOR  THE  PURPOSE. 
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RACKS 


),00  0.50  1.00  1.50  2.00  2.50  3.00  3.50  4.00  E3 


LOAD  CLBS) 

Attenuation  change  and  acoustic  emission  count  rate  vs.  applied  tensile  load  on  a 
type  11  specimen. 


Edge  damage  history  in  a  Type  I  specimen  a  a  =42  ksi. 
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d)  57  ksi,  N=1  eye  e)  57  ksi ,  N=500  eye  f)  57  ksi,  N=500  eye 


Im 

. . 

iHl 

Hti 

III! 

Vibrothermographs  of  Type  I  speeimens. 
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a)  Static  b)  50  Cycles  c)  10  000  Cycles 

Edge  damage  history  in  a  Type  II  specimen  at  =  42  ksi. 
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CRACK  SPACING  -  INCHES 


ResIduAl  strength  of  type  I  specimens  after  one  wflllon  cycles 
at  tha  Indicated  stress  levels 
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2 


2  2 


Damage  in  the  interior  of  the  specimen  (2309#7,  40  ksi,  IM 
cycles)  at  X  =  0.372,  0.325  and  0.186"  from  the  outer  edge. 
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El 

1.18 


TYPE  II,SPECIMEK52049  C8,  FREQUEHCY»S.4HHZ 


NO.  OF  CVaES 


No.  of  cycles  vs. 
(264918,  40  ksi). 


attenuation  for  cycllc-tenslon-tenslon  test  for  type  11  specimen 


E2  SPECIMEN  II-5:  IM  CYCLES  9  15  HZ. 


Number  of  cracks  along  the  edge  of  a  type  II  specimen  cycled  at  a  maximum  stress 
of  40  ksi. 
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State  of 
Stress 


Haterlal 

Properties 


Characteristic 
Damage  State 


Service 

Environment 


Stiffness 


State  of 
Stress 


State  of 
Strength 


Structural 

Response 


Further 

Damage 

Growth 


Reliability. 
Certification 
NDT  &  E 


£ 
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laminate  ana 
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PRE-FRACTURE  PATTERNS  NEAR 
FRACTURE  SITE 


SUMMARY  OF  COMPLETED  ACTIVITY 


1.  The  precise  nature  of  "first  ply  failure"  has  been 

DETERMINED. 

2.  The  effect  of  thermal  residual  stress  on  “first  ply 
failure"  has  been  predicted  and  demonstrated. 

3.  A  CHARACTERISTIC  DAMAGE  STATE  HAS  BEEN  IDENTIFIED  AND 
PREDICTED  ANALYTICALLY. 

4.  An  effect  of  STACKING  SEQUENCE  ON  THE  INTERNAL  STRESS 
DISTRIBUTIONS  IN  THE  DAMAGED  CONDITION  HAS  BEEN  IDENTIFIED. 

5.  An  extensive  record  of  INTERNAL  DAMAGE,  RESIDUAL  STRENGTH, 
AND  LIFE  AS  A  FUNCTION  OF  LOAD  HISTORY  HAS  BEEN  COLLECTED. 

6.  A  ONE  DIMENSIONAL  CLOSED  FORM  SOLUTION  AND  A  THREE 
DIMENSIONAL  FINITE  DIFFERENCE  SOLUTION  FOR  STRESSES 
AROUND  INTERNAL  DAMAGE  HAVE  BEEN  COMPLETED. 

7.  The  dependence  of  the  final  fracture  process  on  stacking 

SEQUENCE  HAS  BEEN  INVESTIGATED. 

s.  The  effect  of  initial  defects  has  been  studied. 

9.  Several  -damage  mechanisms  have  been  identified. 

XO.  A  NEW  ULTRASONIC  TECHNIQUE  HAS  BEEN  DEVELOPED  WHICH  IS 
EXTREMELY  SENSITIVE  TO  THE  DEVELOPMENT  OF  INTERNAL 
DAMAGE. 

11.  A  NEW  VIDEO-THERMOGRAPHY  TECHNIQUE  CALLED  VIBROTHERMOGRAPHY 
HAS  BEEN  DEVELOPED  FOR  THE  DETECTION  AND  ANALYSIS  OF 
COMPLEX  DAMAGE  IN  COMPOSITE  MATERIALS. 

12.  The  TECHNIQUE  OF  REPLICATION  HAS  BEEN  ADAPTED  TO 
CO.MPOSITE  MATERIALS  ENABLING  PERMANENT  RECORDS  OF 
SURFACE  DAMAGE  DETAIL  TO  BE  QUICKLY  RECORDED  TO 
FACILITATE  DAMAGE  DEVELOPMENT  STUDIES. 

13.  Closed  circuit  color  television  (video)  recordings 
OF  ten-color  isotherm  VIDEO-THERMOGRAPHY  PATTERNS 
HAVE  BEEN  USED  TO  INVESTIGATE  THE  DYNAMIC  NATURE  OF 
FRACTURE  EVENTS,  TO  IDENTIFY  THE  POINT  OF  FRACTURE 
INITIATION  AND  THE  NATURE  OF  THE  ENERGY  RELEASE 
DURING  THE  FRACTURE  EVENT,  FOR  EXAMPLE. 

66 


CHARACTERIZATION  OF  FATIGUE  DAMAGE 


R.  Y.  KIM 

UNIVERSITY  OF  DAYTON  RESEARCH  INSTITUTE 


OBJECTIVE: 

TO  CHARACTERIZE  FATIGUE  DAMAGE  OF  COMPOSITE  LAMI NATES 
UNDER  CYCLIC  LOADINGS  AND  ESTABLISH  A  SUITABLE  WORKING 
FORMULA  FOR  PREDICTION  OF  FATIGUE  LIFE. 

•  CRACK  DENSITY 

•  MODULUS  CHANGE 

t  RESIDUAL  STRENGTH 

•  ACOUSTIC  EMISSION 
t  DENSITY 


SUMMARY: 


•  MOST  OF  TRANSVERSE  CRACKS  DEVELOPED  I N  EARLY 
FATIGUE  CYCLE  AND  THEREAFTER  MOST  OF  FATIGUE  CYCLES 
APPEAR  TO  BE  SPENT  FOR  DELAMINATION. 

f  STRONG  I NDI CATI  ON  OF  CORRELATI  ON  BETWEEN  CRACK 
DENSITY  AND  FATIGUE  LIFE,  AND  CRACK  DENSITY 
APPROACHES  TO  A  CONSTANT  VALUE  AT  NEAR  THE  END  OF 
FATIGUE  LIFE. 

•  LI  NEAR  RELATI ONSHI P  BETWEEN  MODULUS  RATI  0,  E^^Eq. 
AND  FATI GUE  LI FE  EXCEPT  AT  EARLY  FATI GUE  CYCLE.  THE 
RATIO  OF  E  AND  E^  DECREASED  AS  S„,^  DECREASED. 

n  0  iiiciA 
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fatigue 


100,  000  cycle 


150,  000  cycle  200,  000  cycle 

Phomicr ©graphs  showing  fatigue  damage:  graphite /epoxy  T300/5208 
[0/9G±45]g,  Smax  =  SOKsi,  lOHz,  R  =  0.1 
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450,  000  cycle 


Figure  1  (Continued) 
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550, 000  cycle 


650,000  cycle 


650,000  cycle 
(50  mil  from  spot  #1) 


Figure  1  (Continued) 


Figure  2.  Fatigue  failure  modes  of  graphite/epoxy  T300/5208 
[0/90/±45]g,  =  50  Ksi,  10  Hz,  R  =  0.1 


Figure  3.  Fatigue  failure  modes,  of  graphite/epoxy  T300/5208 
[0/90/±45]s,  Sjnax  "  10  Hz,  R  =  0.1 
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SPECIMEN 

max'  K»i 

Life,  cycle 

A 

RF-122 

65 

9,400 

A 

,RF-130 

65 

7,000 

i 

RF-89 

60 

29,960 

RF-90 

60 

38. 560 

• 

RF-105 

60 

22,400 

O 

RF-n9 

55 

169,480 

Q 

RF-125 

55 

71,050 

X 

RF-102 

50 

943,  300 

LIFE 

Figure  6«  Crack  density  vs  fatigue  Ufc  for  graphite /epoxy 
T300/5208,  [0/90/±45], 


SPECIMEN 

,  Ksi 

max 

£o,  10*^P8l 

N,  cycle 

#  RF«89 

60 

8.35 

29,960 

■  RF-90 

60 

8.36 

38,  560 

A  RF-107 

60 

7.95 

31,110 

0  RF-92 

50 

8.  32 

1,340,070 

0  RF-98 

50 

8. 19 

1,  367,  890 

B  RF-102 

50 

8.55 

943,  300 

0.4  0.6  0.8  1.0 

LIFE 


Figure  7.  Modulus  change  vs  fatigue  life  for  graphite /epoxy 
T300/5208,  t0/90/±45)« 


TORSION  TEST  TO  DETERMINE 
TRANSVERSE  SHEAR  MODULUS. 

N.  J.  PAGANO 
F.  K.  HUBER 


OBJECTIVE 

DEVELOP  AN  EXPERIMENTAL  APPROACH  FOR  DETERMI  Nl NG 
TRANSVERSE  SHEAR  MODULUS,  G^^ 

APPROACH 

•  SOLVE  FOR  G23, 1 N  TERMS  OF  EXPERIMENTALLY  OBTAI MABLE 
QUANTITIES 

•  DEVELOP  TEST  TO  OBTAI  N  REOUl  RED  VALUES 

•  VALIDATE  OBTAIN  MODULUS 


CONCLUSIONS 

•  PRELIMI  NARY  TESTI NG  I NDI  CATES  GOOD  AGREEMENT  WITH 
PUBLISHED  DATA 

•  STRAIN  GAGE  SIZE  AND  ALIGNMENT  MUST  BE  FURTHER  ANALYZED 

•  EFFECT  OF  VARIATIONS  IN  GRIP  GEOMETRY  MUST  BE  STUDIED 
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Strain- displacement  relations  yield 


u  =  ayz  +  Cj^y  +  C^z  + 

V  =axz  -  C.x  +  C.z  +  C_ 
14  5 

w  =  Qxy  -  C^X  -  C^Y  + 

(t-t) 


Q=-^ 

2J 


’C,  are  rigid  motion  constants  and  vanish 

D 


u  =  -  flyz 
V  =  axz 
w  =  Qxy 


(5) 


(6) 


expressing  in  cylindrical  coordinates 

“r  =0 

ug  =  orz  (7) 

2 

w  =  Qr  sind  cosd 

Aligning  fibers  to  X  axis 

at  r  -  a,  z  =  0,  0=0,  3/2  ir 

u  =  0 

r 

ug  =  0 

w  =  0 

at  r  =a  0  =  0,^/2,  tt  ,  3/27r,  z  =  1 

u  =  0 
r 

=a  al 
w  =  0 

Therefore  if  load  is  introduced  at  these  8  points  the  assumed 
strain  distribution  will  be  present  in  the  test  specimen. 
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STATIST!  CAL  FA  I  LURE  ANALYSIS  OF  COMPOSITE  MATERIALS 


by 

Pei  Chi  Chou 
A.  S  D  Wang 
Robert  Croman 

Drexel  University 


Viewgraphs  for  presentation  at  the  Fourth  Mechanics  of 
Composite  Review 
Oct  3]  -  Nov  2  1978 

Dayton  Ohio 

OBJECTIVES 

].  Residual  Strength  in  Fatigue 

—  to  establish  strength  degradation,  or  strengthening^models 
based  on  experimental  data^  and  statistical  methods. 

2  Proof-tests  —  to  investigate  the  relationship  between 
static  strength  and  fatigue  life*  guaranteed  strength 
and  life  after  proof -testing. 

3.  Development  of  Statistical  Tools  for  Composite  Failure 
Applications 

•  Censoring  in  Fatigue  Tests 

•  Modified  3-parameter  Weibull  Distribution 

•  6i-linear  Weibull  Distribution 
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CONCLUSIONS 


1.  An  equation  of  the  residua!  strength  as  a  function  of  fatigue  cycles  Is 
found.  This  eaualion  can  be  filled  to  experimental  data  that  show 
tRher  monotonlc  degradation  of  residual  strength^  or  an  early 
Increase,  then  decrease  of  residual  strength. 

2.  For  the  unl-dlrectlonal  graphile/epoxy  composite  tested  here, 
the  strength  -  life  equal  rank  assumption  seems  to  hold. 

Proof-testing  can  guarantee  a  minimum  static  strength; 
with  slightly  less  degree  of  confidence,  it  can  also  guarantee 
fMIgue  life. 

3;  Certain  statistical  tools  are  recommended  for  the  study  of 
failure  of  composites.  These  Include: 

•  Censoring  In  fatigue  test,  which  can  yield 
the  same  amount  of  Information  with  less  tests. 

#  A  modified  B-parameter  Welbull  distribution 
that  Is  most  suited  for  reduced  higher. percentile 
population  and  residual  strength  • 

•  Bl-ltnear  2-parameter  Welbull  distribution 
fits  best  some  fatigue  data  • 


LcLo-ti 
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Siatic  S’Vr&ngfU  C^rid  Faii^ae  Life, 
DistribuH^ion  Eg^uations 

(0  Sfcxf  ic  D 'S^n  tulhion 

FR(e>C’«)  =  .1- 

A/oh-cJi  rY\Cr\Z{ot\o\  S'hpJ'iC 

S  ^  sfg^  i  c  strong  ^ 

Sto^^ic  StrengtK  DistribuiVio!^  for  ^>S 

=  I-  «>fp(-'X+  S') 

iS)  Fa+igae,  Life  Distribution 

~  I  -  exp(-n) 

Non  -‘dimeniiontt.!  fafig  ut  ftfe 

(-^r 

uctl  Sfrty\gtV\  E<^uoLt*/on 
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MeOin  of  Resi(iu&l  Sfrtv\^tb 

1  /x-(x-S)[k[^]' 

«  (rcsidwo-l  sVreng+L  test  cydffs^*^* 

0(|  Cs'^o.tic  jtrtriQ-fb^*^  Op  Sbecimen 
uiitL  yaS  (xt  n= 

79 


IC*2.C2 

i*o.s 


(i.iE’E  /  CHA«.  lire) ,  crtAf.  Life  •  c^clbs 

PLOT  OF  JMt>W»\>oAL  SPecine^  ST?E/J<1TH  vs.  life  FoR 

VARiooS  valued  of  ^  >  i  %  K 


tEKT«  * 


MCltrASE 

«F 

STAEMtfIM 


WEAK 

^CCtKKtkKTloM 


SCHemATiC  OF 


(feSiboAL  S-rPENCiTH  VS.  LIFE 


0  SN«f>LE  mEhM  S'rREM<iTH 


STATIC  MEAfJ 


(Urt/crtAH.  L\Fe^  .  CUKK.  L«FE»2.J*  »o‘CyCLeS 


Percent 


ComPARl^ON  OF  PRE'biCtEl)  fOEAM  l?eSit>oAL  STifHMciTH  W»TM 

^AinPLE  ^ATA  FRom  WAN<i 


Q  SAMPLE  MEAU  STREMSTH 

9ib0 

y'l’O./ooi 

X  i-o' 


■SobSCN 

\>EKTrt 


(LIFE  /  CHAI?  Life)  ,  CHAR.  LIFE  .  I.*!  ,  \o  cycLES 


percent  FAILEb 

ComPARiSoN  PREbiCTEt>  MEAN  RESibuAL  STFEaJsTH  W)TH 
SAMPLE  tATA  FRorn  AWERBucN  -  HAHM 


.648)L»T'y  bCfsJSJT' 


Currt  itWfivfC 
DistrikufioA 


vjetBoLL 


©  Complete  Scunplt 
X  So^pl& 


F*l-eMp.[-(^)'‘] 

•»  »  2.^ 

A'(A.(,  he 

l<*‘  o' 

J^-pA^^M'ieTER  WtlSOLl.  ^ 

r-i- exf  f- (I)  J 

<K^/o.n  ''■"■■‘'7^ 

A  =  aaa.3  i(*i  /%  I 
</o  I 


J  %•?MhK^e^eg 

^  weieutL 

f.l-  *xf.[-{^y] 

S  •  210  kst 
•<«  1.M2 
4*2I.H  lol 

l*\o%lFi«\>  a-PA*^weT£l?  VJEliuLL 

^F«  /-«'</>/’- (4)+ (^j 

S«  Z)0  k5L 

10. 

^•  222.3  ksi 


ST/few<^TH  (Jb«/.) 

Cu.wiu.ltt.i’lvie  DiS^ritu.l’to'^  FiH’eJL  to  Co  wpleVc. 

Savwfle*  "Doto.  and  Truncated  SA*v*)ple  DeCta. . 


S  -  WEiSylL 


%s3J0ksi  -< »  A*<2  21.H  fcsi 


no'biFiEl>  3-  PURfcmeteR  weifiuLL 

S  *  2/0  k$t  ot.*tO,  A^  JS3.3  hi 


ST2ffw<»TH  (  ksJ.) 

p(^^p^fr>ElE?  WEiBulL  A»Jb  /’JobiPiEb  3-PARA/OETeR  WE)8ulL 
bEt^SiTs  CoRVES  FoR  TRuA/C/tTEb  SAMPLE  bATA, 


CuBulative  Dlstributleo 


Testing 

Time 

(Hre.) 


_2 _ 

_ 12  _  _ 

3 

8 

3  4  S  6  a  3  4  S  6  7  8^^6 

Fetlgue  Life  (cycles) 

Cumulstive  Distribution  Versus  Fatigue  Life  Plot 


Casel  and  Casa  2 


Case 

Failed 

1 

20 

2 

3 

12 

8 

No*  of  specimens 
censored  at 

•>  1  rkb  I 


Shape 

Parameter 

b 


Scale  jTestlng 
Parameter  }Tlme 


T - r — r“T“  T  I  [- 

4  S  6  7  8  S|q6 


4  5  G  7 


Fatigue  Life  (cycles) 

Cumulative  Distribution  Versus  Fatigue  Life  Plot 


Pettceur  rAiLe5 


87 


AFFDL  COMPOSITES  PROGRAM  -  AN  OVERVIEW 


BY 


G  P  SENDECKYJ 

STRUCTURAL  INTEGRITY  BRANCH 
STRUCTURAL  MECHANICS  DIVISION 
AIR  FORCE  FLIGHT  DYNAMICS  UBORATORY 


MECHANICS  OF 
COMPOSITE  MATERIALS 

6.1  PROGRMS 


DATE 

28  SEP  78 
PREP. BY 
SENDECKYJ 


FYl77  I  78  I  79  188  181  182  183  184 
CY  I  77  1  78  I  79  I  88  I  81  I  82  I  83  1 


TOTAL 


STRUCTURAL  INTEGRITY  RESEARCH 
COMPOSITES 

<6  P  SENDECKYJ/56184) 

23878181 

SENSITIVITY  OF  OPTIMIZED 
STRUCTURES 
CN  KHOT/548937 
23878182 

BIAXIAL  TESTING  OF  COMPOSITES 
CN  BERNSTEIN/S48937 
23078183 


SPECTRUM  LOAD/ENVIRONMENTAL 
EFFECTS  -  COMPOSITES 
CG  SENDECKYJ/561047 
23070106 

HEAT  TRANSFER  AND  THERMAL  STRESS 
IN  COMPOSITES 
CD  PAUL/55573) 

23070112 
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UILEi  RESEARCH  IN  STRUCTURAL  INTEGRITY  (IN-HOUSE) 


XOA/.-  23070101 


OBJECTIVE;  RESOLVE  THEORETICAL  QUESTIONS  ANO  DEVELOP  DA^IAGE  TOLERANCE 
AND  DURABILITY  ANALYSIS  METHODS  FOR  ADVANCED  COMPOSITE  AND 
METALLIC  AIRFRAME  STRUCTURES. 


flPf ROACH:  PERFORM  MULTI-FACETED  THEORETICAL  AND  EXPERIMENTAL  PROGRAM 
CONSISTING  OF  FOUR  TASKS. 

TASK  I:  STRENGTH  AMD  DAMAGE  TOLERANCE  OF  CO.MPOSITES 
TASK  II:  DURABILITY  OF  COMPOSITES 

TASK  III:  DIELECTRIC  ATTENUATION  AS  DAMAGE  AND/OR  MOISTURE  CONTENT 
INDICATOR  FOR  COMPOSITES 

TASK  IV:  EFFECT  OF  LOAD  AND  ENVIRONMBIT  INTERACTION  ON  FATIGUE 
CRACK  INITIATION  AND  GROWTH  IN  .METALS 

EQTEHTIAL  APPLICATION  ARFA:  •DESIGN  ANO  ANALYSIS  OF  COMPOSITE  AND  METALLIC 

STRUCTURES 

♦AIR  FORCE  AS  IP  PROGRAM 

TASK  I:  STRENGTH  AND  DAIM^GE  TOLERANCE  OF  COMPOSITES 

♦OFF-AXIS  TENSION  TEST  FOR  SHEAR  CHARACTERIZATION  OF  COMPOSITES 
♦CRACK  ARRESTMENT  CONCEPTS 

♦NONLINEAR,  PROGRESSIVE  FAILURE  ANALYSIS  OF  COMPOSITES 

♦SIZE/VOLUME  EFFECTS  IN  COMPOSITES 

•PANEL-TO-PANEL  (FABRICATION)  VARIABILITY  IN  COMPOSITES 

TASK  II:  DURABILITY  OF  COMPOSITES 

♦IMPROVED  TAB  DESIGN  FOR  FATIGUE  TESTING  OF  COMPOSITES 

♦TIME  AT  LOAD  AND  LOADING  CYCLE  SHAPE  EFFECTS  ON  FATIGUE  OF  COMPOSITES 

•SPECTRUM  EFFECTS  IN  COMPOSITES 

♦STABILIZATION  FIXTURE  DESIGN  FOR  TENSION-COMPRESSION  FATIGUE  OF 
COMPOSITES 

•STATISTICAL  DATA  ANALYSIS  METHODS 

•DAMAGE  ACCUMULATION/DOCUMENTATION  IN  COMPOSITES 
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TASK  III:  DIELECTRIC  ATTENUATION  AS  DAMAGE  AND/OR 
MOISTURE  CONTENT  INDICATOR  /OR  COMPOSITES 


•PRELIMINARY  IN-HOUSE  EFFORT 
•LDF 


TITIF:  SENSITIVITY  OF  OPTIMIZED  STRUCTURES  JON:  23070 102 


OR.IFCTIVF!  ASSESS  THE  PROBLEM  OF  IMPERFECTION  SENSITIVITY  CREATED  BY  OPTIMIZATION 
OF  STRUCTURAL  COMPONENTS  WHICH  ARE  CRITICAL  IN  BUCKLING. 


APPROACH:  DEVELOP  A  THEORY  TO  INVESTIGATE  THIS  PHENOMENA. 

SELECT  DIFFERENT  COMPONENT  GEOMETRIES  AND  MATERIAL  MIXTURES  AND  STUDY 
THEIR  BEHAVIOR. 


PflTPHTIAl  APPI  ICATION  ARFA:  ©AIRFRAME  STRUCTURAL  PANELS:  METALLIC/COMPOSITE 

©DAMAGED  WING  PANELS 

•MINIMUM  WEIGHT  PANEL  DESIGN 

©DESIGN  OF  ORTHOTROPIC  STIFFENED  PANELS 


TITLE:  BIAXIAL  TESTING  OF  COMPOSITES  JOM :  23070!  03 


OBJECTIVE:  DESIGN  AND  FABRICATE  A  BIAXIAL  TEST  SYSTEM  FOR  LAYERED  COMPOSITE 
SYSTEMS 


APPROACH:  DESIGN  A  LOAD  FRAME  AND  CONSTRAINT  FREE  GRIPPING  SYSTEM  TO  APPLY 
TENSION,  COMPRESSION,  AND  TORSION  COUPLED  WITH  INTERNAL  AND 
EXTERNAL  PRESSURE. 


POTENT  I Al  APPI  ICATION  ARFA:  CONFIDENCE  IN  ABILITY  TO  PREDICT  STRUCTURAL  BEHAVIOR 

OF  COMPOSITE  LAMINATES  WILL  SUBSTANTIALLY  INCREASE 
THEIR  APPLICATION  TO  PRIMARY  AIRFRAME  STRUCTURES. 
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IIILE:  ANALYSIS  OF  DAMAGE  EFFECTS  IN  THE  FATIGUE  LOADING  OF  STRUCTURAL 
COMPOSITES  BY  MEANS  OF  REAL-TIME  MOIRE'  INTERFEROMETRY 

OR.IFr.TlVF!  DEVELOP  METHOD  OF  TRACKING  AND  ANALYZING  FATIGUE  DAMAGE  IN 
COMPOSITE  MATERIALS 

APPROACH;  REAL-TIME  MOIRE'  INTERFEROMETRY 

POTFNTIAi  APPI  I  CAT  ION  AREA:  DEVELOP  DAMAGE  GROVM’H  PREDICTION  METHOD 
TITIF;  SPECTRUM  LOAD/ENVIRONMENT  INTERACTION  TOt^-.  23070/06 

QRJFCTIVF:  «  DEVELOP  BASIC  UNDERSTANDING  OF  FATIGUE  BEHAVIOR 

•  DEVELOP  DURABILITY  DESIGN  METHODOLOGY 

•  DEVELOP  ACCELERATED  TESTING  TECHNOLOGY 

APPROACH;  #  JOINT  AFFDL  AND  LLL  PROGRAM 

•  LLL  -  GENERATE  CREEP  RUPTURE  DATA 

-  GENERATE  CONSTANT  AMPLITUDE  FATIGUE  DATA 

•  AFFDL  -  GENERATE  SPECTRUM  LOAD  INTERACTION  DATA 

•  BOTH  -  DEVELOP  COMPOSITES  FATIGUE  THEORY 

POTFHTIAI  APPI  ICATION  ARFA;  AIRCRAFT  COMPONENTS  MANUFACTURES  FROM  COMPOSITES 

TITLE;  HEAT  TRANSFER  ANALYSIS  OF  COMPOSITES  TOfJ:  23  07Ot/2 

OBJECTIVE;  TO  PREDICT  STRUCTURAL  RESPONSE  TO  RAPID  HEATING  THREATS  SUCH  AS 
LASER  WEAPONS 

APPROACH:  ©PARAMETRIC  ANALYSIS  VARYING: 

-  THERMAL  BOUNDARY  CONDITIONS  (ABSORPTION,  CONVECTION,  ETC.) 

-  TEMPERATURE  AND/OR  HEAT  FLUX  DEPENDENT  MATERIAL  PROPERTIES 

•THEORETICAL  ANALYSIS  AND  TESTING  TO; 

-  VERIFY  CURRENT  ANALYSIS  CONCEPTS 

-  IDENTIFY  CRITICAL  PROPERTIES  AND  THERMAL  BOUNDARY  CONDITIONS 

POTENTIAL  APPLICATION  AREA:  ©COMPOSITE  COMPONENTS  OF  MISSILES,  SPACECRAFT 

AND  AIRCRAFT 

•IMPROVED  ACCURACY  OF  SURVIVABILITY  STUDIES 
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i.NAI  CS  Or 

COMPOSITE  f^ATERlALS 
6.2  PROGRAMS 


BOLTED  JOINTS  DESIGN  GUIDE 
CR  ASCHENBRENNER/55584> 
24810118 


F-I5  STABILATOR 
CC  L  RUPERT/55663> 
24018116 


RESIDUAL  STRENGTH  OF  COMPOSITES 
CG  P  SENDECKYJ/561045 
.  24010117 


DESIGN  SPECTRUM  DEVELOPMENT  - 

COMPOSITES 

<J  M  POTTER/56 1041 

24010125 

'  MOISTURE  SENSOR  -*  COMPOSITES 
CLDF) 

CG  P  SENDECKYJ/S6104D 
24010128 

STEREO  X-RAY  NDE  -  COMPOSITES 
:  CLDF5 

:  CG  P  SENDECKYJ/56104> 
i  24010133 


EFFECT 


9  180  1  81  I  82  I  83  I  84  TOTAL 
79  I  80  I  81  I  82  I  83  I 


OF 

VARIANCES 

P 

fWMJFACTURlNe  ANOMLIES 

□ 

OBJECTIVE:  OevcLOP  improved  failure  criteria  and  strength  am>  life  methosoengics 

FOR  MECHANICALLY  FASTENED  ANISOTROPIC  COMPOSITE  MATERIAL  JOINTS 

APPROACH  :  Literature  Search 

Postulate  failure  mechanisms  and  comrine  nith  stress  analyses  to 
DEVELOP  failure  CRITERION. 

Conduct  static  strength  tests  on  graph ite-cfoxy  joints  to  asseu  the 

EFFECTS  OF  DESIGN  VARIABUS  AND  MANUFACTURING  ANOMALIES. 

Conduct  constant  amplitude  and  random  spectra  fatigue  tests. 

Utilize  experimental  results  to  refine  failure  criteria  and 

STRENGTH  AND  LIFE  PREDICTION  METHODOLOGIES. 


COHTRAa  :  EXZS 

JON:  24010110 
START  DATE:  15  FEB  78 


PROJECT  EKGIKEER:  R.J.  Aschenbrenner 
END  DATE:  IS  APR  81 

^•/oiof/Cp 


title  ;  EFFECT  OF  SERVICE  ENVIRONMENT  ON  F- 15  BORON-EPOXY  STABILATOR 

OBJECTIVE ;  DETERMINE  STRUCTURAL  DEGRADATION  OF  COMPOSITE  MATERIAL  RESULTING 
FROM  MOISTURE  ABSORPTION  DURING  SERVICE  OPERATION. 

APPROACH  :  EVALUATE  STABILATORS  REMOVED  FROM  AN  F-15  AIRCRAFT  THAT  HAS 
A  HIGH  HUMIDITY  ENVIRO:;!IENTAL  HISTORY 


fOrriRACT  :  F23615-77-C-3124 


START 


25  AUG  77 


END  :  1  Sep  79 


McCMSAiCS  Or 

composite:  matetrials 


OA'i  it 

28  SfP  78 


6.2 


PRPP.BY 


PROGRAMS 


SENDECKYJ 


BOLTED  JOINTS  DESIGN  GUIDE 
<R  ASCHENBRENNER/55584J 
240101  to 


F-t5  STABILATOR 
<C  L  RUPERT/556633 
240t0tt6 


RESIDUAL  STRENGTH  OF  COMPOSITES 
CG  P  SENDECKYJ/56t043 
240101 17 


DESIGN  SPECTRUM  DEVELOPMENT  - 

COMPOSITES 

CJ  H  POTTER/56 1043 

24010125 

'  MOISTURE  SENSOR  -  COMPOSITES 
<LDF3 

<G  P  SENDECKYJ/561043 
24010128 

STEREO  X-RAY  NDE  -  COMPOSITES 
CLDF3 

:  CG  P  SENDECKYJ/561043 
i  24010133 


82  I  83  I  64 

I  82  I  83  1 


EFFECT  OF  VARIANCES  AND  fWIUFACTURlNO  ANOWLIES  ON  THE  DESIGN 
STRENGTH  AlC  LIFE  OF  HFCHANICALIY  FASTENED  CQffQSlTE  JOINTS 


OBJECTIVE:  Dcvclop  improved  failure  criteria  and  strength  and  life  HETHomiKict 

FOR  MECHANICALLY  FASTENED  ANISOTROPIC  COMPOSITE  MATERIAL  JOINTS 

AFPNOACH  :  Literature  Search 

Postulate  failure  mechanisms  and  comiNC  nith  stress  analyses  to 

DEVELOP  FAILURE  CRITERION. 

Conduct  static  strength  tests  on  graphite-epoxy  joints  to  assess  the 

EFFECTS  OF  DESIGN  VARIABLES  AND  MANUFACTURING  ANOMALIES. 

Conduct  constant  amplitude  and  random  spectra  fatigue  tests. 

Utilize  experimental  results  to  refine  failure  criteria  and 
strength  and  life  PREDICTION  HETHOOOLOOtES. 

COfTWa  :  EIZ8  EXZ9  BfflQ  R81  TOTAL 


24010110  PROJECT  EKGIKEER:  R.J.  Aschenbrenncr 

START  DATE:  15  FEB  78  END  DATE:  IS  APR  81 

JON;  ■tDCTOSSl 


TITLE  EFFECT  OF  SERVICE  ENVIRONMENT  ON  F-15  BORON-EPOXY  STABILATOR 

OBJECTIVE .  DETERMINE  STRUCTURAL  DEGRADATION  OF  COMPOSITE  MATERIAL  RESULTING 
FROM  MOISTURE  ABSORPTION  DURING  SERVICE  OPERATION. 

APPROACH  EVALUATE  STABILATORS  REMOVED  FROM  AN  F-15  AIRCR/vFT  THAT  HAS 
A  HIGH  HU:-IIDITY  ENVIR0:RIENTAL  HISTORY 


rONTRACT  r -3615-77-0- 312Z,  -AMOWT: 

START  2  5  AUG  77  93  j^JD  :  1  Sep  79 


total 


Environment  on  Boron/Epoxy 
Skins  of  F-15  Horizontal 
Stabiiator 

PRODUCTION  F-15  STABILATOR  REFURBISHED  TEST  ARTICLE 


•  PREDICT  MOISTURE-TIME  PROFILES  IN  BORON/EPOXY  LAMINATES 

•  CONDUCT  FULL-SCALE  STATIC  TESTS  OF  ONE  EAGLE  14  STABILATOR  AND 
PDV-2  STABILATOR 

•  COMPARE  PREDICTED  AND  MEASURED  MOISTURE  CONTENTS 

e  PROJECT  LAMINATE  STRENGTH  DEGRADATION  OVER  TYPICAL  SERVICE  LIFE 

'2.^0101 17 

HfiWW  ADVANCED  RESIDUAL  STRENGTH  DEGRADATION  RATE  MODELING  FOR  ADVANCED 
COMPOSITE  STRUCTURES 

COilTRACTOR:  Lockheed-California  Company 

FUNDING:  FY77  FY78  FY79  FY80  TOTAL 

START  DATE:  Dec  76  END  DATE:  30  Sep  81 

PROBLEM:  LACK  OF  METHODOLOGY  FOR  PREDICTING  RESIDUAL  STRENGTH  DEGRADATION 
RATE  FOR  COMPOSITES 

OBJECTIVE:  DEVELOP  METHODOLOGY  FOR  PREDICTING  THE  RESIDUAL  STRENGTH  AND  ITS 
RATE  OF  CHANGE  AS  A  FUNCTION  OF  FATIGUE  LOADING  FOR  ADVANCED 
COMPOSITE  STRUCTURES 

APPROACH:  o GENERATE  RESIDUAL  STRENGTH  DATA  AS  A  FUNCTION  OF  THE  EXTENT  OF 
FATIGUE  INDUCED  DAMAGE 

0 DEVELOP  ANALYTICAL  METHODOLOGY  FOR  PREDICTING  THE  RESIDUAL  STRENGTH 
KNOWING  EXTENT  OF  DAMAGE 
0 DEVELOP  EMPIRICAL  DAMAGE  GROWTH  LAW 

STATUS:  Contract  Signed  29  Aug  77 


24010129  DETERMINATION  OF  MOISTURE  CONTENT  IN  COMPOSITES  BE  DIELECTRIC 
MEASUREMENT 

CONTRACTOR:  Lockheed-Georgia  Co. 

OBJECTIVE:  QUANTIFY  RELATIONSHIP  BETWEEN  LOCAL  MIOSTURE  CONTENT  AND 
CAPACITANCE  CHANGE  MEASURED  BY  EMBEDDED  CAPACITANCE  SENSOR 
EXPERIMENTALLY  DETERMINE  THROUGH  THICKNESS  MOISTURE 
DISTRIBUTION  IN  TYPICAL  GRAPHITE-EPOXY  LAMINATE 

APPROACH:  FABRICATE  MOISTURE  ABSORPTION  SPECIMENS  CONTAINING  EMBEDDED 
CAPACITANCE  SENSORS 

MOISTURE  CONDITION  THE  SPECIMENS  AND  MONITOR  WEIGTH  GAIN  AND 
SENSOR  READINGS 

CORRELATE  AND  ANALYZE  THE  RESULTS 


DESIGil  SPECTRUM  DUVELOPME:!!  jo^f:  2<b0(0{B5 

AND  GL'IDELINES  HANDBOOK 

•  OBJECTIVE:  TO  DEMONSTRATE  EXISTENCE  OF  AND  QUANTIFY 

EFFECTS  OF  SPECTRUM  VARIATIONS  ON  DURABILITY 

I  APPROACH;  PERFORM  ANALYSIS  AND  TEST  LOAD  HISTORY  VARIATIONS 
THAT  ARE  EXPECTED  TO  HAVE  SPECTRUM  EFFECTS 

•  CONTRACTOR:  In  Negotiation  AMT: 


5  Aug  78  (estimated) 


END  DATE 
Nov  81 


MECHANICS  OF 
COMPOSITE  MATERIALS 

6.2  PROGRAMS 


DATE 

28  SEP  78 
PREP. BY 
SENDECKYJ 


FYl77  178  I  79  I  88  I  81  182  1  83  184 
CY  1  77  1  78  I  79  I  88  I  81  I  82  I  83  I 


TOTAL 


ADVANCED  COMPOSITES  DESIGN 
PROGRAM 

CB  L  WHITE/558647 
24818381 


COMPOSITE  SPECIMEN  FABRICATION 
AND  TEST 
CR  ACHARD/566587 
24818314 


PRELIMINARY  DESIGN  OF  ADVANCED 

WING  STRUCTURE  _ 

CA  GONSISKA/558647  _ 

24818328 

ADVANCED  COMPOSITES  DESIGN  GUIDE 
CA  GONSISKA/558647  _ 

24818324  [ 


INTEGRAL  COMPOSITE  SKIN  AND  SPAR 
DESIGN  STUDIES  . 

CA  GONSISKA/558647  L 

24818328 

STRAIN  GAGE  ATTACHMENT  TO 

COMPOSITES •  ^ 

CJ  MULLINEAUX/528677  L. 

24818584 


ADVATCED  COMPOSITES  DESIGN  PROGP.^M 


RESOURCES: 


BACKGROUND;  UNIVERSITY  OF  DELAWARE  SUBMITTED 

UNSOLICITED  PROPOSAL  TO  INVESTIGATE 
PROMISING  NEW  DESIGNS  IN  COMPOSITE 
WING  STRUCTURES. 


PAYOFF:  TO  DETERMINE  IF  THE  EMBEDDED  SPAR 

CONCEPT  IS  A  FEASIBLE  STRUCTURAL 
DESIGN. 


START  DATE:  1  SEP  1977  END  DATE;  15  DEC  1978 
95 


AUVANCtD  COMPnSlIIS  liliSKi’i  PROCIAfl 


JON:  2'tOlOWl  EtIGINEER:  B.  L,  WITE 

COBTRACIOR;  UtllVERSITY  OF  SELAWARE'S  CEHIER  FOR 
CaiPOSITE  r.AIERIALS 


OBJEaiVES: 

•  TO  DEVELOP  DES1G.T  IflFOKIATlOB  FOR  ADVANCED  STRUCTURAL 
CONCEPTS 

•  TO  FOSTER  ACTIVITIES  IN  THE  UNIVERSITY  CimilllTY  IN 
ADVANCED  C0.1P0SITES  DESIGN 

I  TO  CONTRIBUTE  TO  DEVELOPMENT  OF  DESIGNERS  TRAINED  IN 
ADVANCED  COIIPOSITES 


APPROACH; 

•  TO  lilVESTIGATE  PROMISING  NEN  CONCEPTS  FOR  ATTACHING 
SPARS  TO  SKINS  I.T  COMPOSITE  WING  STRUCTURES 


PROGRESS; 

I  STUDENT  ANALYZING  AND  FABRICATING  EMBEDDED  SPAR-WING 
SKIN  SECTIONS  TO  DETERMINE  THE  EFFECTS  OF  SPAN  LENGTH 
TO  CRITICAL  DESIGN  LOADS. 

KORKUIIIT;  24010314 

TITLE:  COMPOSITE  SPECIMEN  FABRICATION  AND  TEST 

OB^IECTIVES;  Experimental  Data,  Tooling,  Q/C,  Test  Fixtures,  Empirical  Design  Techniques 

APPROACH:  Flexible  Program  to  Complement  Specimen  Fabrication  and  Iterative  Design/ 
Fabrication  Studies  Under  Facility  Mission 

PAY  OFF:  Composite  Airframe  Technology,  Facility  Capability 

FUNDING:  Oct  76  -  Oct  77  20 
FY73  30 
FY79  40 

START  DATE:  Oct  76 
FINAL  PRODUCT  DATE:  Jul  79 
PROJECT  MONITOR:  W.  Yarcho 
PRINCIPAL  INVESTIGATOR:  R.  Achard 

EBOGRAM 

FBSA  Design/Fabrication  Studies 

FBSC  Moisture  Absorption/Desorption  in  Gr/Ep,  B/Ep;  Effects  of  Cure 
Parameters  on  Composite  Properties  and  Design  Requirements 

FB  Specimen  Fabrication  FEE 
FBR 
FBT 

FBT  Support  To  Test  Programs 

Other  Support  FE 

RAOC/U.  Notre  Dahe/HasC 
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PROJECT  imazm 


Phase  Descririioji 
I  Tooling  Investigation: 

Angle  Fabrication 
Ceramic  Tooling 
Heated  Ceramic  Tooling 
Uing  Section  Demonstration 

II  Process  8  Test  Improvement: 

Materials  Test 
Process  Studies  Phase  I 
Adhesive  Tests 
DTA/DSC 

III  Environmental  Effects: 

Moisture  Absorption/ 
Desorption 

IV  Structural  Concepts: 

T-Specimens 


Project  Engineer  Completiqh  STATua 


Beta 

30 

Beta 

80 

Beta 

0 

Beta 

10 

Rolfes 

50 

Sandow 

80 

Beta 

— 

— 

0 

Shirrell 

75 

Achard/Rolfes 

80 

PtfLIWHARY  DESIGN  OF  ADVOICED  WI!<6  STWJCTWC 


JON:  24010320  ENGINEER:  A.  GONSISXA 


IlHiOUSE  EFFORT 


OR^CTIVE:  I  INVESTIGATE  THE  LATEST  PROMISING  DEVEIOP- 
fEITS  IN  THE  FIELD  OF  STRUCTURES  TECHNOLOGY 

I  APPLY  THIS  NEW  TECHNOLOGY  IN  THE  PRELIMINARY 
DESIGN  OF  WING  STRUCTURES 

I  SUPPORT  AFFDL  DESIGN  STUDIES 


APMO:  I  OTCEMTRATE  ON  INTEGRAL  SKIN/SPAR  CONCEPTS 

I  DESIGN  CONCEPTS 
f  CONSTRUCT  SPECIMENS 
i  TEST  SPECIMENS 

§  REVIEW  AND  INTERFACE  WITH  ANY  CONTRACTOR 
EFFORTS  IN  THIS  AREA 


PR0«SS:  §  ALL  TESTING  ASSOCIATED  WITH  PROGRAM  HAS 
KK  COfflETED 

I  FUTWISE  TENSION  (DRY  AND  WET) 

I  TR/ytSVERSE  TENSION  (DRY  AtS  WET) 

«  FINAL  REPORT  HAS  BEEN  PSEPAfO  FOR  TECHNICAL 
REVIEW  COTfiniEE 

e  PAPER  FSESEHIE8  AT  MMAAifllM'SrNPOSIUH 
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PRELIHINARY  DESIGN  OF  ADVANCED  HIKG  STRUCTURE 


BACKGROUND;  •  LARGE  INTEREST  IN  INTEGRAL  SKIN/SPAR 

CONCEPTS  WITHIN  THE  AEROSPACE  COMMUNITY 

I  IN-HOUSE  EFFORT  USED  TO  INVESTIGATE  THE 
EFFECTS  OF  VARIOUS  DESIGN  PROBLEMS  ASSOCIATED 
WITH  THIS  CONCEPT 


PAYOFF:  •  STANDARDIZED  FLATWISE  TENSION  TESTING 

WITHIN  INDUSTRY 

•  TRANSFERRED  DESIGN  AND  TEST  DATA 

•  DEVELOPED  EXTENSIVE  KNOWLEDGE  IN  AREAS  OF 
CONSTRUCTION  AND  TESTING  OF  CONCEPTS 

I  ABLE  TO  EVALUATE  CONTRACTORS  RESULTS  WITH 
GREATER  CONFIDENCE 

I  CONVINCED  INDUSTRY  TO  INVESTIGATE  AREAS 
OTHER  THAN  FLATWISE  TENSION  DRY 


START  DATE:  23  OCT  73  END  DATE:  29  SEP  78 


DOD/NASA  ADVANCED  COMPOSITES  DESIGN  GUIDE 


JON:  29010324  ENGINEER:  A.  GONSISKA 


CONTRACTOR:  ROCKWELL  INTERNATIONAL 


OBJECTIVE:  TO  PRODUCE  A  COMPLETELY  NEW  ADVANCED  COM¬ 
POSITES  DESIGN  GUIDE  BASED  UPON  THE  THIRD 
EDITION  OF  THE  AIR  FORCE  ADVANCED  COMPOSITES 
DESIGN  GUIDE. 


APPROACH:  •  HOLD  AN  INDUSTRY-GOVERNMENT  REVIEW  OF 

CURRENT  DESIGN  GUIDE 

•  COLLECT  LATEST  DATA  ON  COMPOSITES 

•  IMPROVE  UPON  THE  FORMAT  OF  THE  CURRENT 
DESIGN  GUIDE 


PROGRESS:  •  AN  INDUSTRY-GOVERNMENT  REVIEW  OF  THE 

CURRENT  DESIGN  GUIDE  WAS  HELD  ON 
20-21  JUNE  1978 

•  WORK  IS  PROCEEDING  ON  DATA  ACQUISITION 
AND  FIRST  EDITION  DEVELOPMENT 
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DQD/NASA  ADVANCED  COMPOSITE  DESIGN  GUIDE 


BACKGROUND: 

•  CURRENT  DESIGN  GUIDE  IS  AN  EVOLUTION  OF  10  YEARS 
OF  EFFORT 

I  ADDITIONAL  EFFORT  NOW  REQUIRED  DUE  TO 

•  NEW  flATERIALS 

I  NEW  MANUFACTURING  METHODS 

•  ENLARGED  DATA  BASE 

•  AGREEMENT  OF  THE  DESIGN  PANEL  OF  THE  DOD/NASA 
COMPOSITES  INTERDEPENDENCY  WORKING  GROUP 


PAYOFF:  DESIGN  DOCUMENT  OF  HIGH  UTILITY  TO  DESIGNERS 
IN  THE  AEROSPACE  COMMUNITY 


INTEGRAL  COMPOSITE  SKIN  AND  SPAR  DESIGN  STUIDES 


JON:  24010328  ENGINEER:  A.  GONSISKA 


CONTRACTOR:  GRUMMAN  AEROSPACE 


OBJECTIVE:  DEVELOP  DESIGN  INFORMATION  AND  ENVIRONMENTAL 
TEST  DATA  ON  INTEGRAL  SKIN/SPAR  CONCEPTS 

APPROACH: 

•  THREE  CONCEPTS, PLUS  A  BASELINE,  WILL  BE 
SELECTED  AND  SUBJECTED  TO  THE  FOLLOWING 
LOADING  CONDITIONS. 

•  FLATWISE  TENSION 

f  TRANSVERSE  TENSION 
I  LONGITUDINAL  TENSION 
I  LATERAL  WEB  LOAD 
I  SPAR  SHEAR 

•  IN-PLANE  SHEAR 

•  COMBINED  TRANSVERSE  TENSION  AND 
FUTWISE  TENSION 

•  COMBINED  LONGITUDINAL  TENSION  AND 
FLATWISE  TENSION 

•  FATIGUE 

•  FLATWISE  TENSION  AND  UTERAL  WEB 
FATIGUE 
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INTEGRAL  COMPOSITE  SKIN  AND  SPAR  DESIGN  STUDIES 

APPROACH  (Con't) 

I  TESTS  HILL  BE  CONDUCTED  AT 
I  ROOM  TEMPERATURE  -  DRY 
•  265*F  -  WET 

I  HET  FATIGUE  WITH  THERMAL  SPIKES 
STATUS:  PROCUREMENT  ACTIONS  HAVE  JUST  BEEN  COMPLETED 
PROJECTED  RESOURCES: 

FY78  FY79  FY80  FY81  TOTAL 


START  DATE:  11  SEP  78  END  DATE:  11  SEP  81 

INTEGRAL  COMPOSITE  SKIN  AND  SPAR  DESIGN  STUDIES 
BACKGROUND: 

•  SIMILAR  CONCEPTS  BEING  USED  IN  THE 
ADVANCED  COMPOSITES  ADP  CRITICAL 
COMPONENTS  STUDY 

I  FOLLOH-ON  TO  THE  IN-HOUSE  STUDY 

I  HIGHER  RISK  THAN  'CONVENTIONAL 
COMPOSITES  DESIGN' 

PAYOFF: 

e  POTENTIAL  COST  SAVINGS 

•  ELIMINATES  STRESS  CONCENTRATIONS  DUE 
TO  FASTENERS  IN  LOWER  WING  SKIN 

•  IMPROVEMENT  IN  FUEL  SEALANT 
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TITLE:  "STRAIN  CAGE  ATTACHMENTS  TO  COMPOSITES*  JON:  2<)01050A 

OBJECTIVE:  DEVELOPMENT  OF  TECHNIQUES  TO  ATTACH  STRAIN  GAGES  ON  COMPOSITE 
PARTS  WHICH  ARE  EXPOSED  TO  HUMIDITY  AND  ELEVATED  TEMPERATURES. 

APPROACH:  INVESTIGATE  NON-EPOXY  ADHESIVES  AS  BONDING  AGENTS  AND  RTV 
SILICON  MATERIAL  AS  COATINGS  FOR  STRAIN  GAGE  INSTALLATION 
ON  COMPOSITE  COUPONS. 

PAYOFF:  RELIABLE  STRAIN  GAGE  DATA  WHICH  MEASURES  PROPERTY  CHANGES  OF 

COMPOSITES  MATERIALS  DUE  TO  ENVIRONMENTAL  CONDITIONS. 

START  DATE:  OCTOBER  1977  END  DATE:  SEPTEMBER  1980 


MECHANICS  OF 

DATE" 

— 1 - 1 - j - 1 - 1 - ^ - - - 

COHPOSITE  MATERIALS 

28  SEP  78 

FYl77  178  l79  1  88  181  182  183  184 

total 

PREP. BY 

6.2  PROGRAMS 

SEMDEKCYJ 

CY  1  77  1  78  1  79  I  88  I  81  I  82  I  83  I 
— r - r* - H — r* - H — r* - r* - r* - 

FATIGUE  SENSITIVITY  -  COMPOSITES 

CE  DEMUTS/537363 

69CUQI24 


ENVIRONMETAL  SENSITIVITY  - 

COMPOSITES 

<E  DEMUTS/S3736) 

69CW8I28 

SERVICE/MAINTAINABILITY  - 
COMPOSITES 
<J  GARRISON/537363 
68CU8:2g 

ADVANCED  COMPOSITE  SERVICEABILITY 

<R  NEFF/S37363 

69CW8288 


VALIDATION  OF  AEROELASTIC 

tailoring  _ 

CM  SHIRK/56832>  _ 

24818214 

FORWARD  SWEPT  WING  AEROELASTIC 
STUDIES 

CM  SHIRK/568323  [ 

24818228 


TITLE:  FATIGUE  SPECTRUM  SENSITIVITY  OF  COMPOSITES  JON:  69CW0124 

OBJECTIVE:  DETERMINE  SENSITIVITY  OF  FATIGUE  PROPERTIES  TO  LOADING  AND 

ENVIRONMENTAL  CONTENTS  LEADING  TO  REALISTIC  ACCELERATED 
FATIGUE  SPECTRUM  SIMULATIONS 

APPROACH:  EXPERIMENTALLY  DETERMINE  THE  EFFECT  OF  FREOUENCY.  LOAD  RATE, 

LOAD  TRUNCATION,  AND  STRESS  LEVEL  ON  FATIGUE  PROPERTIES  OF 
BOLTED  AND  ADHESIVELY  BONDED  JOINTS  FOR  EACH  OF  THREE 
ENVIRONMENTS  (RTD,  RTW,  MPTW) 

CONTRACTOR:  NORTHROP,  AIRCRAFT  DIVISION  AflT: 

START  DATE:  JUNE  1975 
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END  DATE:  SEPTEMBER  1980 


PROGRESS 


BOLTED  JO  I.  ITS  AT  RTO  -  FREQUEilCY  AIID  LOAD  HATE  TESTS  CO'IPLETE;REAL  TIJIE 
TESTS  802  COflPLETE 

BOfiDED  JOIilT  TESTIilG  DELAYED  BY  SEVERAL  MO'ITHS  BUT  ilO  KIPACT  Oil  COilTHACT 
BID  DATE  IS  EXPECTED 

200K  MTS  TEST  SET  UP  liWESTIGATIOil  COIlPLcTED 

FABRICATION  OH  10  CHAHiiEL  TEST  SET  UP  FOR  BONDED  JOINTS  -  If!  PROGRESS 
ADHESIVE  EVALUATIOli  FOR  HOT,  WET  COifflITIOHS  -  IN  PROGRESS 
BONDED  JOINT  SPECIfO  'REDESIGN  -  IN  PROGRESS 


RESULTS 


BOLTED  JOINTS  a  RTD 

ALFA(Z) 

STREflGTH(2) 

LIFETIIC  (1  VS.  2) . . 

.  .  .  36 

2.9 

FREQUENCY  (.5  VS.  5  HZ) . 

.  .  .  « 

5.0 

LOAD  RATE  (1.2  VS.  12  K/SEC)  .  . 

1  «  •  6 

0.5 

LOAD  DWELL . .  -D 

FIBER  VOLUME  EFFECT  -  102  STRENGTH  FOR  12  F.V. 

-O.d 

.  BONDED  JOINTS  -  LOAD  CONTROL 

HAVEFORM  CAN  AFFECT  FATIGUE  LIFE  BY  A  FACTOR  OF  10 

IDENTICAL  WAVEFORMS  CAN  BE  ACHIEVED 

DYNAMIC  TRANSIENT  LOAD  MAY  AFFECT  GANG  TESTING 

TITLE:  BiVIP.O.::E!TAL  SEiiSITIVITY  OF  ADVANCED  JON:  69CW0123 
COIPOSITES 

CONTRACTOR:  GR'JI'JVAN  AEROSPACE  DURATION:  1  SEP  75  -  31  DEC  79 

Aim'IT: 

•-CKGROUND:  EFFORTS  TO  TJALIF/  3-1  COrPOSITE  STRUCTURES  lOErmFIED  A  NEED  FOR  A 
COST-EFFECTIVE,  '’ELIA3LE  OUALIFICATIO:!  FETHjOOLOSY  FOR  CO:?OSITE 
STRUCTURES.  THIS  EFFORT,  III  CONJUNCT  ION  WITH  OTHER  ROADI'A?  PROGRAI’S, 

HAS  FORMULATED  TO  PROVIDE  DATA  .lECESSARY  TO  ESTABLISH  THIS  lUALIFICATION 
fZT.IOOOLOGY. 

OBJECTIVE:  ASSESS  THE  EFFECTS  OF  REALISTIC  ENVIRONMENTAL  EXPOSURE  ON  THE  DURABILITY 
OF  ADVANCED  COMPOSITES  AND  ASSESS  METHODS  FOR  SIMULATING  THESE  EFFECTS. 
i;i  AN  .ACCELERATED  MAIINER  IN  THE  LA30.R.AT0RY. 
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E;;viRo-::-£;iTAL  3e::eitiv!T', 


APPROACH;  .DEFIHE  AVERAGE  AHD  HORST  CASE  E:iVIRO:I!:E:1TAL 
EXPOSURE  flOBELS  FOR  ALL  GEHERAL  CLASSES  OF 
AF  VEHICLES 

•  COHDUCT  A  TEST  PROGR.AIl  IHVOLVI.'iG  APPROX  I  "ATELY 
2000  SPECIXEHS  TO  jETERXIHE  THE  EFFECTS  AHD  IHTER- 
ACTIOH  OF  THE  FOLLOWKIG  PARAI'ETERS  OH  SURAEILITY 

.SPECIfliHS  -  THICKHESS  AND  LArllHATE  TYPE 
.LOADING  -  TEHSIOfI  AND  COMPRESSION  FATIGUE 
.FLIGHT  TEMPERATURE  -  HITH  AND  HITHCUT 
.RUNWAY  STORAGE  -  AVERAGE  AND  WORST  CASE 
.TIME--  REAL  TIME  AND  ACCELERATED 


PAYOFF;  PROVIDE  THE  DATA  NECESSARY  TO  ESTABLISH  ENVIRONMENTAL 
SIMULATION  TECHNIOUES  FOR  ACCELERATED  STRUCTURAL 
QUALIFICATION  TESTING, 


PROGRAM  PROGRESS 


•ENVIRONMENTAL  DEFINITION  COMPLETED 

.ALL  SPECIMENS  FABRICATED 

.TEST  RIG  FABRICATION  COMPLETED 

•STATIC  TESTS  COMPLETED  (350  TESTS) 

•NOMINAL  FATIGUE  TESTS  NEAR  COMPLETION 
(240  TESTS) 

•REAL  TIME  TESTING  INITIATD 


TITLE:  SERVICE/MAINTAINABILITY  OF  ADVANCED  JOii:  69CW0129 

COMPOSITE  STRUCTURES 

OBJECTIVE:  DEVELOP  DESIGN  APPROACHES  WHICH  IMPROVE  RESISTANCE  OF 
COMPOSITE  STRUCTURES  TO  GROUND  HANDLING  DAMAGE. 

APPROACH:  BASED  ON  SERVICE  EXPERIENCE  DATA,  IMPACT  DAMAGE 

TESTS  AND  ANALYSIS,  DEVELOP  IMPROVED  DAMAGE  RESISTANCE 
DESIGN  APPROACHES  AND  VALIDATE  BY  SERVICE  SIMULATION 
TESTS 

CONTRACTOR:  NORTHROP  CORPORATION  AMT: 

START  DATE:  11  NOVEMBER  1976  END  DATE:  10  AUGUST  1978 


103 


fL‘/e>/oyLy^ 


OBJECTIVE: 

•  EXPERIMENTALLY  VERIFY  AERO 
ELASTIC  TAILORING  METHODS 

APPROACH: 

•  DESIGN  AND  WIND  TUNNEL 

•  TEST  AEROELASTICALLY 
TAILORED  MODELS 

-  STATIC  AEROELASTIC 

-  aUHER 

VERIFY  PREDICTIONS  OF: 

-  FORCE  AND  MOMENT 

-  PRESSURE 

-  DEFLECTION 

-  FLUTTER  SPEED 


TITLE;  FORWARD  SWEPT  WING  AEROELASTIC  STUDIES  M:  24010226 

OBJECTIVE;  ANALYTICALLY  AND  EXPERIMENTALLY  INVESTIGATE  DIVERGENCE 

ELIMINATION  IN  AEROELASTICALLY  TAILORED  FORWARD  SWEPT  WINGS 

APPROACH;  "  DESIGN  AND  ANALYSIS  OF  FSW  WIND  TUNNEL  MODEL 
•  FABRICATION  OF  MODEL 

«  TEST  MODEL  USING  VARIOUS  COMPOSITE  LAYUPS  AT  VARIOUS 
FORWARD  SWEEP  ANGLES 

IN-HOUSE  EFFORT  COMPUTER  UTILIZATION:  $20,000 

TOTAL  DIRECT  MANHOURS;  4400 


START  DATE;  1  MARCH  1978  END  DATE;  30  DECEMBER  1979 
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AFFDL  RESEARCH  ACTIVITIES 


BY 


G  P  SENDECKYJ 

STRUCTURAL  INTEGRITY  BRANCH 
STRUCTURAL  MECHANICS  DIVISION 
AIR  FORCE  FLIGHT  DYNAMICS  LABORATORY 


IN-HOUSE  WORK  UNITS 

23070101  STRUCTURAL  INTEGRITY  RESEARCH  -  COMPOSITES  AND  METALS 
(G  P  Sendeckyj) 

24010226  FORWARD  SWEPT  WING  AEROLEASTIC  STUDIES 
(M  Shirk) 

24010314  COMPOSITE  SPECIMEN  FABRICATION  AND  TEST 
(R  Achard) 

24010320  PRELIMINARY  DESIGN  OF  ADVANCED  WING  STRUCTURE 
(A  Gonsiska) 

24010504  STRAIN  GAGE  ATTACHMENT  TO  COMPOSITES 
(J  Mullineaux) 


RESEARCH  HIGHLIGHTS 


DAMAGE  DOCUMENTATION  IN  COMPOSITES  -  G.  P.  Sendeckyj 


MOISTURE  DIFFUSION  STUDIES  -  CPT  C.  D.  Shirrell 
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(gms/cm*)  xIO* 


nOISTURE  ABSORPTION  STUDIES 


PRESENTATIONS/PUELICATIONS: 

'DIFFUSION  OF  WATER  VAPOR  IN  GRAPHITE/EPOXY  COMPOSITES,'  ASTM  Coiiference 
ON  Environmental  Effects  on  Advanced  Composite  Materials,  Davton,  Sep  1978 

'MOISTURE  SORPTION  AND  DESORPTION  IN  EPOXY  RESIN  MATRIX  COMPOSITES,' 

23ro  National  SAMPE  Symposium,  Anaheim,  1973 

'MOISTURE  INDUCED  SURFACE  DAMAGE  IN  T3CC/52C3  GRAPHITE-EPOXY  LAMINATES', 
ASTM  Conference  on  NDE  and  Flaw  Criticality  for  Composite  Materials, 
Philadelphia,  Oct  1978 

'KINETICS  OF  MOISTURE  DIFFUSION  IN  THREE  ADVANCED  COMPOSITE  EPOXY-RESIN 
MATRIX  MATERIAL  SYSTEMS,'  Nth  Conference  on  Fibrous  Composites  in 
Structural  Design,  San  Diego,  Nov  1973 

PURPOSE/GOALS  OF  THIS  STUDY 


%  To  eSTABLiSH  THE  MECHANISM  OR  MECHANISMS  OF  fiOISTURE  SoRPTION/DESORPTION 
IN  THE  REGIONS  OF  0-100%  RELATIVE  HUMIDITY  AND  70’-180*F  FOR: 


•  T300/5208 

-  AS/3501-5 

-  Boron/5505 


Epoxy  Resin  Matrix  Composites 


#  To  establish  the  influence  of  the  following  parameters  upon  Moisture 
Sorption/Desorption  in  epoxy  resin  matrix  composites: 

-  Postcure 

-  Ply  Orientation/Edge  Effects 

-  Moisture  Concentration/Swelling  Effects 

-  Resin  Content 

-  Void  Content 

•  Organic  Coatings 


t^(days^) 


0  2  4  0  a  10  12  14  16  2  4  6  »  ^ 


6H.% 

•  100  21*C 

•  08 

♦  78 

*  82 

»  33 

*  13 

RH.« 

•  too  43*C 

•  03 

♦  76 

*  48 

»  34 

w  14  _  ^  ^  ^ 

^  mm  m 

Z  A  |A  A  1 

6H.%  RH.% 

•  100  V  12  63*C 

■  04  •  0 

♦  74 
.  A  41 

30 

RH.X  RH.X 

•  100  ^  20  .  82*C 

•  01  ^  6  jf 

•  74  • 

:7t:;  ,  — 

o  10  20  30  40  SO  60  70  0  10  20  30  40  80  60  70 

t^(hrs’i) 


2.0 
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1.2 
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0.4 
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1.2 

aa 

o^ 

o 
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m|(wt.X). 


jOI-X  (cUiO/siuB)  jOTx  (eiua/suiS)  *|/y 
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(wt%) 


Mt  (gms/cm^)  x10®  Mf  tgms/cm^)  xlO 


OBSERVED  HYGRGTHERLIALLY  ir^DUCED  DA?;1AGE 
NO^JPOST  CURED 


Temp  (*C) 

Rel.  Hum.  (%) 

Damage 

Surface 

Edge 

82 

37 

vs 

s 

75 

E 

E 

98 

E 

S 

WATER  IMMERSION 

S 

s 

--  VERY  SLIGHT 

(lOOOX);  s  -  SLIGHT  (500X); 

E  —  EXTENSIVE  (200X);  AND., 

—  VERY  EXTENSIVE  (lOOX) 

OBSERVED  HYGROTHERriALLYiriDUGED  DAMAGE 

POSTCURED 

Temp  CO 

Rel.  Hum.  (%) 

Damage 

Surface 

Edge 

21 

WATER  IMMERSION 

— 

vs 

« 

WATER  IMMERSION 

VS 

— 

63 

WATER  IMMERSION 

vs 

vs 

82 

9 

— 

vs 

21 

vs 

vs 

37 

s 

s 

75 

E 

E 

98 

VE 

E 

WATER  IMMERSION 

E 

E 

DEFI^3ITiO?JS  OF  CRACKS 


TWMSflJROUS  (XY) 
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FROM  COOK  AND  DOWNHILL 


HYGROTMERillAL  EXs'^OSURE  SEOUEnCE 


O  THE  FORMATION  OF  THE  MICROCRACKS  CANNOT  BE  ATTRIBUTED  SOLELY  TO  THE  EFFECTS 
OF  ABSORBED  MOISTURE.  THE  EXPERIMENTAL  TECHNIQUES  USED  IN  THIS  STUDY  INFLUENCED 
THE  FORMATION  OF  THE  MICROCRACKS. 


TYPICAL  WEIGHING  SEQUENCE 


TIME  (pain.) 

HYGROTHERf^AL  EXPOSURE  SEOUEMCE  (cont.) 

O  THE  RAPID  COOL-DOWN  RATE  OF  THE  SPECIMENS  CAUSES  THE  EXTERIOR  TO  BE  COOLER 
THAN  THE  INTERIOR  RESULTING  IN  A  THERMALLY  INDUCED  SURFACE  TENSILE  STRESS. 

O  IN  ADDITION,  THE  NONUNIFORM  MOISTURE  GRADIENT  (A  RESULT  OF  SURFACE  DESORPTION 
DURING  COOLING)  AND  THE  ACCOMPANIED  NONUNIFORM  SWELLING  WOULD  RESULT  IN  THE 
FORMATION  OF  A  SURFACE  TENSILE  STRESS. 

O  TOGETHER,  THESE  SURFACE  TENSILE  STRESSES  ARE  SUFFICIENTLY  LARGE  TO  CAUSE 
niCROCRACKING  IN  THE  SURFACES  OF  THE  LAMINATE  VIA  A  CRAZING  MECHANISM  AT 
DEFECT  SITES  ON  THE  RESIN  SURFACE. 

COnCLUSIO»S 

O  MICROCRACKS  VIERE  OBSERVED  IN  THE  FACES  AND  EDGES  OF  POSTCURED  AND  NONPOSTCURED 
T300/5208  LAMINATES  EXPOSED  AT  VARIOUS  HY6ROTHERMAL  CONDITIONS. 

-  THE  MOST  SEVERE  MICROCRACKS  WERE  OBSERVED  AT  82“C. 

-  THE  SEVERITY  AND  FREQUENCE  OF  MICROCRACKING  INCREASED  WITH 
RELATIVE  HUMIDITY, 

-  POSTCURED  SPECIMENS  GENERALLY  FORMED  MORE  SEVERE  MICROCRACKS  THAN 
IDENTICALLY  EXPOSED  NONPOSTCURED  SPECIMENS, 

-  TRAN SLAM IN AR  MICROCRACKS  ON  THE  FACES  OF  THE  SPECIMENS  WERE  BOTH 
MORE  FREQUENT  AND  MORE  SEVERE  THAN  TRANSFIBROUS  MICROCRACKS. 

-  INTERLAMINAR  AND  TRANSLAMINAR  MICROCRACKS  OCCURRED  IN  THE  EDGES  OF 
THE  SPECIMENS.  HYGROTHERMALLY  INDUCED  DELAMINATIONS  ALSO  OCCURRED 
BETWEEN  ADJACENT  LAMINAE. 

-  THE  PRESENCE  OF  ANISOTROPIC  SWELLING  STRESSES  BETWEEN  ADJACENT 
ORTHOGONALLY  ORIENTED  LAMINAE  WAS  INDICATED  BY  MICROCRACK  FORMATION 
ALONG  THE  INTERFACE  OF  THE  LAMINAE, 

no 


C0r^CLUS!0.1S(cont.j 


®  THE  FORMATION  OF  THESE  MICROCRACKS  CANNOT  BE  ATTRIBUTED  SOLELY  TO  THE  EFFECTS 
OF  ABSORBED  MOISTURE.  RATHER,  THE  EXPERIMENTAL  TECHNIQUES  USED  TO  MONITOR 
THE  SPECIMEN  HEIGHT  GAINS  DURING  THEIR  HYGROTHERMAL  EXPOSURES  WOULD  SUBJECT 
THE  SPECIMENS  TO  AN  INVERTED  THERMAL  SPIKE  WHICH  MIGHT  INITIATE  MICROCRACKING. 

O  SPECIMENS  WITH  EXTENSIVE  MICROCRACKS  ALSO  EXHIBITED  NONFICKIAN  DIFFUSION 
ANOMALIES  DURING  THEIR  HYGROTHERMAL  EXPOSURE. 

STRUCTURAL  INTEGRITY  RESEARCH 
PRESENTAT I ONS/PUBL I CAT I ONS : 

"LIFE  PREDICTION  FOR  COMPOSITES,"  14th  Annual  SES  Meeting,  Lehigh  U, 

Nov  1977 

"DAMAGE  ACCUMULATION  IN  NOTCHED  QUASI -ISOTROPIC  GRAPHITE-EPOXY,"  ASTM 
Committee  E9  Meeting,  Atlanta,  Nov  1977 

"IMPROVED  LOAD  INTRODUCTION  TAB  DESIGN  FOR  COMPOSITE  MATERIALS  TESTING," 

New  Orleans,  March  1978 

"CO.MPARISON  OF  HOLOGRAPHIC,  RADIOGRAPHIC,  AND  ULTRASONIC  TECHNIQUES 
FOR  DAMAGE  DETECTION  IN  COMPOSITE  MATERIALS,"  2n0  International  Con¬ 
ference  ON  Composite  Materials,  Toronto,  April  1978 

"EFFECT  OF  MOISTURE  ON  DIELECTRIC  PROPERTIES  OF  RESIN  MATRIX  COMPOSITES," 

23rd  National  SAMPE  Symposium,  1978 

"HOLOGRAPHIC  TECHNIQUES  FOR  DEFECT  DETECTION  IN  COMPOSITE  MATERIALS," 

ASTM  Conference  on  NDE  and  Flaw  Criticality  for  Composite  Materials, 
Philadelphia,  Oct  1978 

"EFFECT  OF  PANEL-TO-PANEL  VARIABILITY  IN  COMPOSITES,"  4th  Conference 
ON  Fibrous  Composites  in  Structural  Design,  San  Diego,  Nov  1978 

DAMAGE  ACCUMULATION  STUDIES 

OBJECTIVE:  DOCUMENT  DAMAGE  ACCUMULATION  PROCESS  IN  GRAPHITE-EPOXY 
COMPOSITES 

MODEL  THE  DAMAGE  ACCUMUUTION  PROCESS 

IF  NECESSARY,  DEVELOP  EXPERIMENTAL  METHODS  FOR  DOCUMENTING 

DAMAGE  IN  COMPOSITES 

APPROACH;  DOCUMENT  DAMAGE  ACCUMULATION  PROCESS  DURING  STATIC  AND  FATIGUE 
BY  USE  OF 

HOLOGRAPHIC  INTERFEROMETRY 
TBE  ENHANCED  X-RAY  RADIOGRAPHY 
ULTRASONIC  NDE  METHODS 
VARIOUS  PENETRANTS 

RESULTS:  APPLICABILITY  OF  HOLOGRAPHIC  INTERFEROMETRY  DEMONSTRATED 
ENHANCED  STEREO  X-RAY  RADIOGRAPHY  PROGRAM  FUNDED  BY  LDF 
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DAMAGE  DOCUMENTATION  METHODS 


HOLOGRAPHIC  INTERFEROMETRY 

CAN  FIND  AND  DEFINE  EXTENT  OF  DELAMINATIONS  AND  MATRIX  CRACKS  IN 
SURFACE  PLIES 

CAN  GIVE  LIMETED  THROUGH  THICKNESS  INFORMATION 
TBE  ENHANCED  X-RAY  RADIOGRAPHY 

CAN  FIND  MATRIX  CRACKS.  DELAMINATIONS.  AND  FIBER  BUNDLE  FRACTURES 
STANDARD  METHOD  GIVES  NO  INFORMATION  ON  THROUGH  THICKNESS  DAMAGE 
DISTRIBUTION 

STEREO  RADIOGRAPHY  CAN  GIVE  THROUGH  THICKNESS  INFORMATION 
ULTRASONIC  NDE  METHODS 

C-SCAN  GIVES  LIMITED  INFORMATION  ON  DELAMINATIONS 

PULSE-ECHO  GIVES  INFORMATION  ON  THROUGH  THICKNESS  DISTRIBUTION  OF 

DELAMINATIONS 

PENETRANTS 

ACCURATE  INFORMATION  IF  USE  SECTIONING  PROCEDURES 


DAMAGE  DOCUMENTATION  METHODS 
HOLOGRAPHIC  INTERFEROMETRY 

CAN  FIND  AND  DEFINE  EXTENT  OF  DELAMIMATIONS  AND  MATRIX  CRACKS  IN 
SURFACE  PLIES 

CAN  GIVE  LIMETED  THROUGH  THICKNESS  INFORMATION 
TBE  ENHANCED  X-RAY  RADIOGRAPHY 

CAN  FIND  MATRIX  CRACKS.  DELAMINATIONS.  AND  FIBER  BUNDLE  FRACTURES 
STANDARD  METHOD  GIVES  NO  INFORMATION  ON  THROUGH  THICKNESS  DAMAGE 
DISTRIBUTION 

STEREO  RADIOGRAPHY  CAN  GIVE  THROUGH  THICKNESS  INFORMATION 
ULTRASONIC  NDE  METHODS 

C-SCAN  GIVES  LIMITED  INFORMATION  ON  DELAMINATIONS 

PULSE-ECHO  GIVES  INFORMATION  ON  THROUGH  THICKNESS  DISTRIBUTION  OF 

DELAMINATIONS 

PENETRANTS 

ACCURATE  INFORMATION  IF  USE  SECTIONING  PROCEDURES 
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CONTRACT  P33615-75-C-5236 


FATIGUE  SPECTRUM 
SENSITIVITY  STUDY 
FOR  ADVANCED  COMPOSITE 
MATERIALS 

PRINCIPAL  INVESTIGATOR:  L.  JEANS 

PROJECT  ENGINEER;  G.  GRIMES 

AIR  FORCE  PROJECT  MONITOR:  DR.  E.  DEMUTS 

ummmp 


FATIGUE  SPECTRUM  SENSITIVITY  STUDY 


OBJECTIVE 

•  EXPERIMENTALLY  DETERMNE  SENSITIVITY  OF  FATIGUE 
PROPERTIES  TO  FIGHTER  FATIGUE  SPECTRA  LOADING 
AND  ENVIRONMENTAL  CONTENTS 

•  DEVELOP  PROCEDURES  AND  GUIDELINES  FOR  DERIVING 
REALISTIC  accelerated/truncated  FATIGUE  SPECTRUM 
SIMULATION 
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PARAMETRIC  TEST  MATRIX 


STATIC 

BASELINE 

FREQUENCY  EFFECTS 

TRUNCATION  EFFECTS 

STRESS  LEVEL  EFFECTS 

IKTENOED 

L  T. 

EFFECTS 

RMS 

STANDARD 

STANDARD 

STANDARD 

K, ■ STANDARD 

B9 

standard 

TRUNCATION  ^ 

«/2 

STANDARD  19/71 

7.33/2 

H 

H 

STD  <9/7) 

STD. 

(9/7) 

STANDARD 

(9/7) 

FREQUENCY  (Nil 

■1 

H 

VARIABLE 

REAL 

■ 

■ 

■ 

■ 

m 

■ 

ft 

l-B)  AVG 

1  ‘  C'  51 
AVG 

LOAD  RATI 

■I 

VAR. 

12  K/S 

17  K/S 
DWELL 

1  7F/S 

REAL 

VAR. 

B 

VAR. 

VAR 

m 

VAR 

VAR 

OURAT 

■ 

B 

t 

P 

1 

■ 

■ 

F 

1 

■ 

■ 

■ 

7 

■ 

■ 

UNTIL 

FATIGUE 

failure 

TASK 

1 

RTD 

BONDED  ^ 
C 

BOLTED  T 

'y-rrA 

/^20C 

70 

70 

y/AvA 

70 

70 

1 

^0 

HI 

IIA 

LTW 

BONDED 
BOLTED  j 

70 

70 

» 

1 

■ 

■ 

m 

H 

■ 

H 

■ 

RTW 

BONDED  ^ 
BOLTED  T 

70 

70 

I 

■ 

70 

70 

70 

m 

70 

20 

70 

70 

70 

20 

■ 

■ 

70 

1 

MPTW 

BONDED 

BOLTED  T 

20 

20  W 

70  ^ 

70 

70 

70 

70 

70 

70 

70 

10 

10 

10 

1 

5^70% 

70 

70 

mg 

70 

10 

TBO 

BONDED 

BOLTED 

^  1  MOlSTURE/TEMPERATURE  CHARACTERIZATION 

i 

■a 

AIRCRAFT  USAGE  AND  SPECIMEN  CHARACTERISTICS  j 

^  »AS£LINE  SPECTRUM  (SAME  FOR  ALL  TASKS) 

^  WULTi^LlCATlOM  FACTORS  (K,  AND  K^)  TO  SE  ESTABLISHED. 

NUMBERS  SHOWN  DENOTE  UFRER  AND  LOWER  fOSiTIVE  LOAD  FACTOR  RANGE  (E.Q.,  B/2  •  BbURFER.  2«  LOWER) 
^  THESE  SPECIMENS  TO  BE  HTW  ONLY  |NO  MISSION  PROFILE). 


////  INDICATES  TESTS 

COMPLETED  OR  IN  TEST 
JUNE.  *7t 


BOLTED  JOINT  SPECIMEN 


100°  CSK  TENSION  HEAD 


(03  /  90  /  O3  /  ±  45  /  O2  /  ±  45  /  0  /  ±  45  /  O2  /i:  45  /  90  /  0  /  90  /  01  5 
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SUMPvlARY  OF  BONDED  SPECIMEN 
TYPE  AND  USAGE 


BONDED  SPECIMEN 
TEST  SERIES 

lA 

IB 

2 

3 

4 

5 

6 

7 

8 

8/13 

10 

11 


loading 

type  frequency 

TENSION  STATIC  TENSION 

STATIC  TENSION 
STATIC  COMP 
BASELINE  (5  Hz) 
BASELINE  (5  Hz)  (1  LT) 
(0.5  H/) 

12  KIPS/SEC 
1.2  KIPS/SEC 
1.2  KIPS/SEC  (DWELL) 
TEN/COMP  REAL  TIME 

COMP  5  Hz  (COMP) 

COMP  5  Hz  (COMP) 


SPECIMEN 

TYPE 

A 

B 

A 

6 

B 

B 

B 

B 

B 

A 

C 

C 

(ETC) 


SPECIMEN 

NO. 

20 

10 

20 

40 

20 

20 

20 

20 

20 

20 

20 

20 


TYPICAL  FIGHTER  AIRCRAFT  FLIGHT-BY-FLIGHT 
LOAD  TIME  HISTORY  (CONSTANT  FREQUENCY) 
GENERATED  BY  DIGITAL  TECHNIQUES  IN 

THIS  STUDY 
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SUMMARY  OF  BONDED  SPECIMEN 
TYPE  AND  USAGE 


BONDED  SPECIMEN 
TEST  SERIES 
lA 
18 
2 

3 

4 

5 

6 

7 

8 

9/13 

10 

11 


LOADING 

type  frequency 

TENSION  STATIC  TENSION 

STATIC  TENSION 
STATIC  COMP 
BASELINE  (5  Hz) 
BASELINE  (5  Hz)  (1  LT) 
(0.5  Hz) 

12  KIPS/SEC 
1.2  KIPS/SEC 
1.2  KIPS/SEC  (DWELL) 
TEN/COMP  REAL  TIME 

COMP  5  Hz  (COMP) 

COMP  6  Hz  (COMP) 


SPECIMEN 

TYPE 

A 

B 

A 

B 

B 

B 

B 

B 

B 

A 

C 

C 

(ETC) 


SPECIMEN 

NO. 

20 

10 

20 

40 

20 

20 

20 

20 

20 

20 

20 

20 


TYPICAL  FIGHTER  AIRCRAFT  FLIGHT-BY-FLIGHT 
LOAD  TiaiE  HISTORY  (CONSTANT  FREQUENCY) 
GENERATED  BY  DIGITAL  TECHNIQUES  IN 

THIS  STUDY 
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FATIGUE  "OPERATING  STRESS”  CRITERIA 


V  V 


MAXIMUM  ULTIMATE 

FATIGUE  STATIC 

SPECTRUM  LOAD 


8-  1.05  x  0.67  *0.70 


SPECTRUM  SEVERITY  PHILOSOPHY  (CONTD) 


NO.  LIFETIMES 
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MULTI-STATION  DURABILITY  TEST  UNIT  (MSDTU) 

REALTIME  RTD  AND  RTW  BONDED  SPECIMEN  TEST 


FIGURE  15.  BOLTED  JOINT  MULTISPECIMEN  TEST  FIXTURE  WITH  SPECIMENS  IN  PLACE 
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RTD  BONDED  SPECiP^EN  FATIGUE  TEST 


MISSION  PROFILE  TEMPERATURE  UNIT  (MPTU) 

— 


.1 


J  *•  I 


r  pr 

r¥ 


I 


:l 


TEMPERATURE  (“F» 


TEMPERATURE  (°F)  VERSUS  NUMBERS  OF  MISSIONS 

BLOCK  LENGTH  =  408  MISSIONS  OR  1/8  LIFE 


ACCELERATED  ENVIRONMENTAL/ 
LOAD  SPECTRUM  MODEL 
LOWER  SURFACE  (TENSION  DOMINATED  SPECTRUM) 


BASELINE  FIGHTER  BASE:  SEYMOUR  JOHNSON  AFB,  N.C.  INCLUDES  PRECIPITATION  AND 
SOLAR  ABSORPTIVITY  (S.A.  »  0.40)  27  PLY  AS/3501-5  GRAPHITE/EPOXY 


f  1.  ACCELERATED  RUNWAY  STORAGE  EXPOSURE  WILL  BE  AS  FOLLOWS: 

I  EXPOSURE  OF  COMPOSITE  TO  THE  NECESSARY  CONDITIONS  TO  ACHIEVE  A  MOISTURE 

I  ABSORPTION  EQUIVALENT  TO  AN  EXPOSURE  OF: 


8.  6  HOURS  @  54.2°F/85.8%  RH 

b.  6  HOURS  @  66.70F/60.3%  RH 

c.  6  HOURS  ©  74.9°F/48.1%  RH 
.  d.  6HOURS@60.0®F/75.1%RH 

8.  6  HOURS  @  54.2®F/85.8%  RH 
f.  6  HOURS  @  66.7°F/60.3%  RH 

9,  _^HRS  @  74,9°F/48.1%  RH 
41.7  HRS  TOTAL 


X  811 


WHICH  GIVES  A  MOISTURE  CONTENT  OF  0.49  IN  %  BY  WEIGHT 


2.  ACCELERATED  LOAD/TEMPERATURE  SPECTRUM  SIMULATING  811  FLIGHTS  OF  1.2  HOURS 
DURATION  AFTER  COMPOSITE  RUNWAY  STORAGE  EXPOSURE  CONDITIONS  WHICH  GIVES  A 
MOISTURE  CONTENT  OF  0.42  IN  %  BY  WT. 


4. 


REPEAT  NO.  1.  RUNWAY  STORAGE  SPECTRUM  TO  GIVE  A  MOISTURE  CONTENT  OF  0.64  IN  %  BY  WT. 
REPEAT  NO.  2  LOAD/TEMPERATURE  -  SPECTRUM  TO  GIVE  A  MOISTURE  CONTENT  OF  0.55  IN  %  BY  WT. 


ETC. 
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FIGHTER  ONE  QUARTER  LIFETIME  RUNWAY  STORAGE/ 

FLIGHT  TEMP  EXP. 


.12  DAYS,  170°F,  95%  RH 
1.6/ 

1. 4  \^23  DAYS.  160®F.  95%  RH 
^  ^  ^23  DAYS,  170°F,  82%  RH 

\  \  12  DAYS,  170°F,  95%  RH 
1.0  \'/ PLUS  37  DAYS  AT  170°, 
/  62%  RH 


AS/3501-5  GRAPHITE/ 

EPOX  27  PLY  PLY  LAM¬ 
INATE  SEYMOUR- 
/  JOHNSON  AFB,  N.  C. 

/  (BASELINE)  LOWER 

1  SURFACE 

'  /  SOLAR  ABSORPTIVITY*  a  40 

/  /  PRECIPITATION 

//  EFFECT  I NCL 

/'/l/4  LIFE  TIME 
1>  /RUNWAY  STORAGE 


a2/ 


‘0.496 
7  0  425 


/  / 
/  / 


0  9th  18th  27th  PLY 

DISTANCE  FROM  LEFT  FACE.  PLY  NO. 


1/4  LIFETIME 
'  RUNWAY  STORAGE 
PLUS  FLIGHT  TEMP. 


BONDED  JOINT  FABRICATION 
AND  TEST  FLOW  CHART 


•4T 

CHCM  milled 
TABS 


DIMENSIONAL 
INSPECTION  AND 
MAPPING 


tR007005^  BONDED  ASSV 
8R007006  CHEM-MILLED  TAB 


BONDED 
ASSEMBLY 
CLEANING.  PRIMING. 
LAYUP 


BONDED  ASSY 
CURE 


1,  OC.<-l$  -E  SSS  *1  graphite  &  CLASS/CPOXY 
PREPREG  REQUIREMENTS 
t.  O.C  -I  S.-F  SS  S.  m2  ADHESIVE  REQUIREMENTS 

3.  O  C.-t  S  >F.S  S  S.  •$;  DESTRUCTIVE  TEST 
REQUIREMENTS 

4.  Q.C  *1  S.>F  S.S  S.  •<.  NONDESTRUCTIVE  EVALUATION 
REQUIREMENTS 

B.  PROCESS-!  S  -F  S  S.S  'pI.  BONDED  JOINT  ASSYS 

•SPECIAL  LABORATORY  ENVIRONMENT  PER  VI  A  »0<7 
•  •ACCEPT/R EJECT  DECISION  POINTS 


CUT  O.C. 
STRIP  FROM 
BONDED  ASSV 


BOND  GLASS.'EPOXV 
TABS  ONTO  BONDED 
^  ASSV  . 


«o,  ^ 

THRU  TRANSMISSION  ^ 
^  ^  ULTRASONIC  J 
INSPECTION 


MACHINE  GLASS/ 
EPOXY  TABS 


MACHINE  SPECIMENS 
FROM  80N0C0  ASSY 


/DIMENSIONAL  INSPCCTIONT 
V  and  RECORDING  J 


SPECIMEN  SELECTION 
FOR  TEST  SERIES 
.  MAKE  UP  ^ 


DATA  A  FAILURE 
ANALYSIS 


STATICS  fatigue  ^ 
' TESTING  UNDER  VARIOUS  J 
^  ENVIRONMENTAL  J 
^s,^^ONOlTlONS^„-^ 


CI\/l-4  THRU-TRANSMISSION  ULTRA-SONIC  NDI  RECORD 
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PHOTOIVliCROGRAPHS  OF  DEFECT  AREAS 

(AS  SHOWN  ON  NDI  RECORDING  ) 


TABLE  7. 

STATISTICAL  SUR/IMARY  OF  TASK  lA 
BOLTED  JOINT  TEST  RESULTS 


TEST^ 

TYPE  OF 

FREQUENCY, 

LOADING  RATE 

NUMBER  OF 

95%  CONFIDENCE 

V 

SERIES 

TEST 

(HERTZ) 

(Kips/sec) 

LIFETIMES 

a 

SCALE  PARAMETER 

Nx(t)R 

14 

STATIC 

1 

I 

— 

1 

1 

25.54 

10.021 

9,175 

15 

FATIGUE 

5.0 

VARIABLE 

2 

15.05 

9, 828 

8,463 

16 

5.0 

VARIABLE 

1 

15.59 

10,055 

8, 705 

17 

0.5 

VARIABLE 

2 

21.55 

9, 868 

8,890 

18 

VARIABLE 

12.0 

2 

18.11 

10, 049 

8,875 

19 

VARIABLE 

1.2 

2 

18. 18 

10,029 

8,919 

202 

VARIABLE 

12.0 

2 

15.82 

10. 192 

8,841 

21 

REAL 

REAL 

1 

15.39 

9, 920 

8,570 

1.  20  SPECIMENS  PER  SERIES  EXCEPT  10  SPECIMENS  IN  SERIES  21,  40  SPECIMENS 
IN  TEST  SERIES  15 

2.  WITH  DWELL  TIMES  AT  PEAK  LOADS 
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SUMMARY  OF  TASK  IB  BOLTED  JOINT  TEST  RESULTS 


TEST 

SERIES 

TYPE  OF 

TEST 

FREQUENCY 

hertz 

RMS 

MULTI- 

PLICATION 

FACTOR 

NUMBER  OF 
LIFETIMES 

Sl 

95  PERCENT 
CONFIDENCE 
SCALE 
PARAMETER 
Ibs/inch 

Nx*“»R 

Ibs/inch 

14 

STATIC 

- 

- 

- 

25.54 

10.021 

9.175 

15 

FATIGUE 

5 

1.000 

2 

15.05 

9.828 

8.463 

26 

FATIGUE 

6 

1402 

2 

27.34 

10.118 

9419 

27 

FATIGUE 

5 

1400 

2 

26.60 

9.890 

9.088 

STATISTICAL  SUMMARY  OF  TASK  lA 

BONDED  JOINT'’  TEST  RESULTS 
(CENSORED  DATA)* 


TEST 

SERIES 

TYPE 

OF  TEST 

FREQUENCY 

IHERTZ) 

LOADING^ 

RATE 

(KIPS/SEC) 

NUMBER 

OF 

LIFETIMES 

NO.  OF 
REPLI¬ 
CATES 

a 

SCALE 

FACTOR 

T 

95%  CONFIDENCE 
SCALE 
PARAMETER 

J 

1 

STATIC 

- 

- 

- 

26 

11.90 

10.852 

10,584 

8760 

3 

FATIGUE 

5 

VARIABLE 

2 

19 

7.38 

9,006 

8,601 

6340 

a 

FATIGUE 

5 

VARIABLE 

1 

12 

8.00 

9,315 

8,842 

6674 

5 

FATIGUE 

0.5 

VARIABLE 

2 

12 

13.18 

10,800 

10,464 

8821 

6 

FATIGUE 

VARIABLE 

12 

2 

14 

12.99 

10,920 

10,392 

8739 

a 

FATIGUE 

VARIABLE 

1.2 

2 

10 

10.28 

10.711 

10,251 

8236 

8 

FATIGUE 

VARIABLE 

12+DTPL 

2 

16 

6.95 

9,652 

9,156 

6625 

•FATIGUE  FAILURES  AT<2LTWERE  CENSORED 
6MAX.  FATIGUE  SPECTRUM  LOADING  5850  LBS 
^TYPEB  SPECIMEN 
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TASK  lA  BONDED  JOINT  TEST  DATA 


BONDED  JOINT  TEST  RESULTS 
F33615-75-C-5236,  FATIGUE  SPECTRUM 
SENSITIVITY  STUDY  FOR  ADVANCED  COMPOSITES 
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PROBABILITY  OF  SURVIVAL 


BONDED  JOINT  TEST  RESULTS 
F33615-75-C-5236,  FATIGUE  SPECTRUM 
SENSITIVITY  STUDY  FOR  ADVANCED  COMPOSITES 


FATIGUE  SPECTRUM  SENSIVITY  STUDY  PAYOFF 


QUALIFICATION  DESIGN 
AND  TEST  PROBLEM 


PROGRAM  PARAMETRIC 
CHARACTERIZATION 


FILAMENT  AND  RESIN  DOMINATED 
COMPOSITE  JOINTS 
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Environmental  Sensitivity  of  Advanced  Composites 


Contract  No.  F35615-76-C-5324 


Air  Force  Flight  Dynamics  Laboratory 
Grumman  Aerospace  Corporation 


OnUMMAN 


PROGRAM  OBJECTIVES 


•  DEFINE  REALISTIC  ENVIRONMENTAL  SPECTRA 
FOR  AIR  FORCE  AIRCRAFT 

-  FIGHTERS 

-  BOMBERS 

-  CARGO/TANKERS 

•  ASSESS  DURABILITY  SENSITIVITY  OF  COMPOSITES 
TO  VARIOUS  ENVIRONMENTAL  PARAMETERS 

_  LONG  TERM  EXPERIMENTS 

-  TIME 

-  TEMPERATURE 

-  RELATIVE  HUMIDITY 

•  DETERMINE  EFFECTS  OF  ACCELERATING  ENVIRONMENTAL 
SPECTRA 

-  ANALYSIS  AND  EXPERIMENT 

-  develop  METHODOLOGY  FOR  ECONOMICAL 
ALTERNATIVES  TO  REAL-TIME  TESTING 
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RUNWAY  STORAGE  MODEL 


•  SURVEY  AF  BASES  HAVING  PSYCHOMETRIC  SUMMARIES 

•  SURVEY  AF  BASES  TO  SELECT  MOST  ACTIVE  BASES 

•  SELECT  20  REPRESENTATIVE  BASES  PER  A/C  TYPES  WITH  ADEQUATE 
WEATHER  &  BASING  DATA 

•  FOR  EACH  A/C  TYPE  RANK  BASES  ACCORDING  TO  ABSORPTION  OF 
WATER  FOR  MEAN  WEATHER  COND'NS 

•  SELECT  BASELINE,  WORST  CASE  LOCATIONS 

•  OBTAIN  COMPLETE  CLIMATIC  SUMMARIES 

•  OBTAIN  BASING  DATA 

•  COMPUTE  MODELS  OF  TEMP.  RH  &  SOLAR  RAD  FOR  EACH  BASE 


SELECTION  SUMMARY 


BASELINE 

WORST  CASE 

FIGHTER 

SEYMOUR  JOHNSON, 
NORTH  CAROLINA 

KADENA,  JAPAN 

BOMBER 

MATHER,  CALIFORNIA 

ANDERSEN,  GUAM 

TRANSPORT 

TRAVIS,  CALIFORNIA 

CHARLESTON, 

SOUTH  CAROLINA 
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AIRCRAFT  USAGE  -  TIME  OF  DAY 


BASELINE  LOCATIONS 

FIGHTER  BASES 


WORST  CASE  LOCATIONS 


60 

KADENA 

40 

%  FLT/OAY 

20 

- 

A 

Ot==l - 1 - « - 1 

0  6  12  18  24 


BOMBER  BASES 


TIME  OF  DAY.  HR 


nc  |\AV  UQ 


TRANSPORT  BASES 


AIRCRAFT  USAGE  -  FLIGHT  DURATION  BY  SEASON 


8 

7 

6 


ANDERSEN  AFB 
{WORST  CASE) 

MATHER  AFB 
(BASELINE) 


ALL  AFB 


)  BOMBERS 


J 


MEAN  OF 
MONTHLY 
AVG  HR/FLT 


5 

4 

3 


2 

1 

0 


TRAVIS  AFB 
(BASELINE) 


ALL  AFB 

CHARLESTON  AFB 
(WORST  CASE) 


i  CARGO/ 
/TRANSPORT 


KADENA  AFB 
mORST  CASE) 

ALL  AFB 

SEYMOUR  JOHNSON  AFB  j 
(BASELINE) 


-I 


FIGHTER  ATTACK 


B  «  BASELINE  AFB 
W»  WORST  CASE  AFB 


SEASON 
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RUNWAY  STORAGE  MODEL  DATA  INPUTS 


•  TEMPERATURE 

-  DRY  BULB  TEMPERATURE 

•  HUMIDITY 

-  RELATIVE  HUMIDITY 

-  PRECIPITATION 

•  SOLAR 

-  CLEAR  SKY  ISOLATION 

-  CLOUDS 

-  HAZE/SMOKE 

-  DEWPOINT 

-  WIND  SPEED 


RUNWAY  STORAGE  MODEL,  JULY  COMPONENT  a=  .4: 
MATHER  AFB 


TIME  OF  DAY,  HR 


COMPONENT  SELECTION 


•  B-1  COMPOSITE  HORIZONTAL  STABILIZER 

•  GR/EP  SUBSTRUCTURE  6  TO  32  PLIES  THICK 

•  HYBRID  COVER  36  TO  104  PLIES  THICK - 
MAJOR  PORTION  36-PLY  GR/EP 

•  260°F  DESIGN  TEMPERATURE 


FLIGHT  THERMAL  PROFILE 


SURFACE  REL 
HUMID,  % 
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STABILIZER  TENSION  SKIN  LOAD  SPECTRUM 


TEST  SPECIMEN 


TYPE  II  (0/145/0)  s 

TYPE  III  (0/146/902/745/0)3 

TYPE  IV  (0/145/02/745/0)5 
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TEST  PLAN 


•  STATIC  CHARACTERIZATION 

-  360  SPECIMENS.  120  EACH.  4  TYPES 

-  RTAND260°F 

-  DRY.  BASELINE.  AND  WORST  CASE  MOISTURE  LEVELS 

-  15  REPLICATES 
-STATUS:  COMPLETE 

•  NOMINAL  FATIGUE 

-  240  SPECIMENS.  60  EACH,  4  TYPES 

-  6  A/C  LIFETIMES  +  RT  RESIDUAL  (AMB.  MOISTURE) 

-  4  REF.  STRESS  LEVELS 
-STATUS:  IN  PROGRESS 


TEST  PLAN  (CONT'D) 


•  REAL  TIME  TESTS 

I  HOU^-BY-HOUR  GROUND  AND  FLIGHT  TEMP/HUM  (BASELINE  AND  WORST  CASE) 

—  EXPOSURES  AT  2,  5,  8. 12  AND  20  MOS  +  RESIDUALS 

—  NO  LOAD  AND  GROUND  LOAD  +  FLIGHT  LOADS 

—  STATUS:  SETTING  UP 


ACCELERATED  TESTS 

I  BAS^WEAND  WORST-CASE  MOISTURE  LEVELS  BY  PRESOAK  &  RESOAK  OR 


CONDITION  WHILE  TEST 

-  WITH  AND  WITHOUT  SUPERSONIC  TEMPS 

-  6  A/C  LIFETIMES  +  RT  RESIDUALS 

-  STATUS:  SETTING  UP 
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STATIC  STRENGTH  DISTRIBUTION  OF 
TYPE  I  SPECIMENS 


TENSION  LOAD,  KIPS 


STATIC  STRENGTH  DISTRIBUTION  OF 
TYPE  III  SPECIMENS 


TENSION  LOAD,  KIPS 


STATIC  STRENGTH  DISTRIBUTION  OF 
TYPE  IV  SPECIMEN 


STATIC  STRENGTH  DISTRIBUTION  OF 
TYPE  II  SPECIMENS 


STABILIZED  FATIGUE  TEST  SPECIMEN 


SAMPLES 

(ROOM  TEMP  TESTS) 

PRESOAKED  [ 

STATICS  1 

DRY 

BASELINE 

WORST 

AFTER  6  A/C 

LIVES  LAB  AMB 

< 

'  1.0  X  DES  STRESS 

1.2  X  DES  STRESS 

1.4  X  DES  STRESS 

.  1.65  X  DES  STRESS 

SCALE  PARAMETER  (KIPS) 


^  SHAPE  PARAMETER 


TENSION 
TYPE  I 
2/2/4 


2.29  21.8 

2.38  16.9 

2.38  16.6 

2.42  22.2 

2.42  17.4 


COMPRESSION 
TYPE  II 
4/0/4 


TENSION 
TYPE  III 
4/4/8 


T 


4.32 
4.41 
4.28  I  37. 


4.44  37.0  8.98 
4.53  21.4  8.64 


COMPRESSION 
TYPE  IV 
8/0/8 


MAXIMUM  LIKELIHOOD  ESTIMATES  FOR  TWO- 
PARAMETER  WIEBULL  DISTRIBUTION 


ENVIRONMENTAL  SENSITIVITY  CONDITIONING  SYSTEM 


DRY 

AIR 


WET  BULB 

THEFUMISTOR  SPECIMENS 


ENVIRONMENTAL  TEST  SETUP 


PREDICTION  UNDER  TEST  ENVIRONrENT  VS.  TEST  DATA  FOR  16  PLY  GR/EP 
BASELINE  ENVIR01INENT>  UNIT  E-9.  12/9/78  TO  6/13/78 


EXPOSURE  TIME  IH  DAYS 


miSTURE  ABSORPTION  DATA  HISTORY,  16  PLY  GR/EP 
BASELINE  ENVIRONMENT,  UNIT  E-9,  12/9/77  TO  6/13/78 


EXPOSURE  TIMS  IH  DAYS 
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MDISIURS  COSTTEinT 


PREDICTION  UNDER  TEST  ENVIRONMENT  VS.  TEST  DATA  FOR  S  PLY  6R/EP, 
BASELINE  ENVIRONMENT.  UNIT  E-9.  12/9/78  TO  6/13/78 


5^ 


EXPOSURE  TIME  IH  DAYS 


MOISTURE  ABSORPTION  DATA  HISTORY.  8  PLY  GR/EP 
BASELINE  ENVIRONMENT.  UNIT  E-9.  12/9/77  TO  6/13/78 


EXPOSURE  TIME  IH  DAYS 
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:-wiSTUHs  cc!iTE:rr  i:(  %  wr. 


PREDICT lOfi  UNDER  TEST  ENVIRONMENT  VS,  TEST  DATA  FOR  8  PLY  GR/EP 
WORST  CASE  ENVIRONiTENT.  UNIT  E-7,  2/13/73  TO  6/8/78 


jaClXXJURE  TIME  IN  DAYS 


I'lOlSTURE  ABSORPTION  HISTORY, 

8  PLY  6R/EP  WORST  CASE 
ENVIRONITENT,  UNIT  E-7 
(2/13/78  TO  6/18/78) 

! 

11 

11 

H  i"'  , 

AVE.  OF  5 

SPEClMKNf 

IIICUKST 

fA 
— w 

iiTT"'" 

If 

I  SIMUljftTBD  FLIGHTS 


AV^i.  < 

3F  5  LOVl 

E  IT 

sfl'ci; 

(‘Or.NG 

OF  5  HioiiitST  srnciMn.’ 


X  AVI 

iHA'jli:  OF  5  LO«i::  T 

^  SIN 

rjlilED  FLIGHT 

TASK  III  ACCELERATED  TESTING 


NO  FLIGHT 
TEMP 


% 

MOISTURE 


PREDICTED 
1  LIFE 
LEVELS 


PRECONDITIONED 


CONDITION  DURING  TEST 


% 

MOISTURE 


PREDICTED 
1  LIFE 
LEVELS 


FLIGHT  TEMP  , 

PROFILE  INCLUDED 


CONCLUSIONS 


•  RUNWAY  STORAGE  MODELS  DEFINED 

•  TARGET  MOISTURE  LEVELS  PREDICTED 

•  STATIC  STRENGTH  CHARACTERIZATION  COMPLETED 

•  DIFFUSION  ANOMALIES  RAISE  QUESTIONS  ABOUT  LONG 
TERM  PREDICTIONS 

•  LAB  AMBIENT  FATIGUE  IN  PROGRESS 

•  REAL  TIME  TESTS  UNDERWAY 

•  UNIQUE  TEST  FACILITY  IN  OPERATION 


EFFECT  OF  SERVICE 
ENVIRONMENT  ON  F-15 
BORON/EPOXY  STABILATOR 

AFFDL  CONTRACT 
F33615-77-C-3124 


TOM  HINKLE 

MCDONNELL  AIRCRAFT  COMPANY 
ST.  LOUIS,  MO 


PRODUCTION  STABILATOR 
EAGLE  14 


DOCUMENTED  ENVIRONMENTS 
FROM  CLIMATIC  TEST  PROGRAM 


REFURBISHED  TEST  ARTICLE 
PDV 


•  NONDESTRUCTIVE  EVALUATION  AND  COMPARISON  WITH  PRODUCTION 
RECORDS 

®  TWO  FULL-SCALE  STATIC  TESTS  AND  COMPARISON  OF  RESULTS  WITH 
DESIGN  VERIFICATION  TEST  RESULTS 

®  TEST  OF  COUPONS  MACHINED  FROM  STABI LATOR  COMPOSITE  SKINS  TO 
DETERMINE  PHYSICAL  AND  MECHANICAL  PROPERTIES 

•  CALCULATION  OF  MOISTURE-TIME  PROFILES  FOR  VARIOUS  F-15 
DEPLOYMENTS 
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TENSION  SKIN  OF  EAGLE  14  TEST  ARTICLE 

SIMILAR  FAILURE  MODE  FOR  PDV  TEST  ARTICLE 


LEADING  EDGE* 
j  ASSEMBLY 


FRONT  SPAR' 


TORQUE  BOX  ASSEMBLY;  ^9  ;? 

{BORON/EPOXY  SKINS)  \  ^  WV 


Ifracture^  ^ 

/•>"  Ti 


TRAILING  EDGE. 

REAR  SPAR 

V:  ^ 

ASSEMBLY 

/  .  ' 

i 

/  . 

/-  f 

1  ■ 

.■.r>p 

FRACTURE^  j 

^  iou^^ 

EAGLE  14  -  ROOT  SPLICE 


* 

.  ■  ,  X.JTITANIUM 

V  .  v  J  .iKIN  J  \X. 

S.J  A  . 


m?  'V.  v;  '‘J 


'/  MOUTBD  V  ) 


•  "V  0£  ?.  ;; 

V  %% 

5 1 


FRONT  SPAR 


"V 

•y  \  '*‘A 

"“outboard  edge  of  / J*. ,  t  ‘ 
^Htitanium  ROOT  SPLICE  /  ? '  a  , 

\  FITTING-/  ^  '**s  \*  ® 

»  *  4*Brv  '  \  ^  \  r '' 

;TN;„  \  \  \  :  ., 

^PAr'A  '■  BORON/EPOXY  SKIN  J  V.tREARJP^i 


ALUMINUM' 


ALUMINUM! 
SKIN  i 
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TEST  DATA  CORRELATION 


DATA  MEASURED 

AT  150  PERCENT  DLL 

- ! 

EAGLE  14 
TEST 

PDV 

TEST 

DESIGN 

VERIFICATION 

TEST 

STRAIN  IN  REAR  SPAR 
CAP  AT  ROOT  SPLICE 

3492mIN./IN. 

3364mIN./IN. 

3400mIN./IN. 

PRINCIPAL  STRAIN  AT 

TIP  OF  SPLICE  PLATE 

2927/ilN./IN. 

2800iulN./IN. 

2750/1IN./IN. 

PRINCIPAL  STRAIN 

AT  MIDSPAN 

3348julN./IN. 

3247/1  IN./IN. 

3039/ilN./IN. 

TIP  DISPLACEMENT 

12.6  IN. 

12.4  IN. 

12.2  IN. 

OP78>096S-« 


PEAK  RECORDED  STRAINS  EXCEED 
COMPARABLE  STRAINS  FROM  DESIGN 
VERIFICATION  TEST 


MEASURED 

PARAMETER 

EAGLE  14 
TEST 

PDV 

TEST 

DESIGN 

VERIFICATION 

TEST 

MAXIMUM  LOAD 
LEVEL  (%  DLL) 

190%  (FAILURE) 

184%  (FAILURE) 

200%  (NO  FAILURE) 

STRAIN  - 
REAR  SPAR  CAP 

4605mIN./IN. 

4891  /ilN./IN. 

4500/tlN./IN. 

PRINCIPAL  STRAIN- 
SPLICE  PLATE  TIP 

3733aiIN./IN. 

3565  /ilN./IN. 

3600  /1IN./IN. 

PRINCIPAL  STRAIN  - 
MIDSPAN 

4197/ilN./IN. 

4075/1  IN. /IN. 

4033/1IN./IN, 

cprt-etu-io 
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EAGLE  14 

PDV 

I 

ENVIRONMENTAL  HISTORY 

•  ASSEMBLY  -  AUG  1973 

•  ASSEMBLY  -  MAY  1971 

•  CLIMATIC  TESTS 

•  VERIFICATION  TESTS 

-  DESERT  ^  JUL1974 

•  TOOLING  CHECKS 

-  TROPICS  >  THROUGH 

-  ARCTIC  J 

•  STORAGE  AT  MCAIR 

•  STORAGE  AT  MCAIR 

1 

MEASURED  MOISTURE  CONTENTS  -  JULY  1978 

(PERCENT  OF  COUPON  DRY  WEIGHT,  RESIN  CONTENT  30%) 


0.63% 

14-PLY  SKIN 

0.65% 

0.54% 

24-PLY  SKIN 

0.55% 

0.37% 

38-PLY  SKIN 

0.38% 

OP7t-09e8-11 


RESIN  EVALUATIONS 

CURED  RESIN  SAMPLES 

•  EAGLE  14 

•  PDV 

•  NEW  LAMINATE 

PHYSICAL,  CHEMICAL  AND  THERMAL  CHARACTERISTICS 

•  RESIN  CONTENT  -  ACID  DIGESTION 

•  PYROLYSIS  PRODUCTS  -  GC/MS  ANALYSIS 

•  CHARACTERISTIC  TEMPERATURES  -  DSC  ANALYSIS 

•  WEIGHT  LOSS/TEMPERATURE  PROFILE  -  TGA 

RESULTS 

•  NO  DIFFERENCES 
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CONCLUSIONS 


TEMPERATURE  USING  COUPON  TESTS 
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’(6.2  EXPL0HAT0f7Y  OEVELOPMCNT) 


•  STRUCTURAL  DYNAMICS 
analysis  t  TEST 


AIR  MOBILITY  R&D  OVERVIEW 


6.1 

RESEARCH - 
AERODYNAMICS 
PROPULSION 
STRUCTURES 


X 

w 

< 

THEORY 

o 

cc 

EXPERIMENT 

CL 

o. 

IH  UEORATORY 

< 

6.2 

EXPLORATORY 


SAFETY 

1  SURVIVABILITY- 
RELIABILITY 
MAINTAINABILITY" 

BREAD  BOARD  HARDWARE 
APPltCATION  OF  THEORY 
DESIGN  SYNTHESIS 


6.3 

ADVANCED 

DEVELOPMENT 


ADVANCED 
DEVELOPMENT 
CONCEPT 
FORMULATION 


CND/FIT  TEST 
DEMONSTRATION 
IIMITED  riELD  TEST 


6.4 

ENGINEERING 


SYSTEM 

ENGINEERING 

DEVELOPMENT 


DESIGN,  FABRICATION, 
QUALIFICATION  TESTS 
GROUND  t  FLIGHT  TESTS 
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STRyCTURAL  COf.lPOHEiJTS 

(6.3  AUVANCtO  OtVELOPMENT) 


DEVELOP  &  APPLY 
ADVANCED  STRUCTURAL 
CONCEPTS/COMPONENTS 


CONDUCT  STRUCTURAL  i 

FLIGHT  EVALUATION  OF  AOVANCEO 

FULL  SCALE  COMPONENTS/SUBSYSTEMS 


0H-S8  COMPOSITE 
TAIL  BOOM  FIELO  EVALUATION 


DEVELOP  RELIABLE 
LOW  COST  MANUFACTURING 
TECHNOLOGY 


DEVELOP  LONG-TERM 
FIELO  DURABILITY  & 
ENVIRONMENTAL 
EFFECTS  DATA 


STRUCTURAL  INTEGRITY  RECORDING  SYSTEM 
(SIRS) 


DEMONSTRATED 
TECHNOLOGY  FOR 

PRODUCT  IMPROVMENT  PROGRAMS 
ENGINEERING  DEVELOP  PROGRAMS 
NEXT  GENERATION  AIRCRAFT 


STRUCTURES  LAB 


•  ENHANCEMENT  OF  STRUCTURES 
TECHNOLOGY  BASE 

•  RAPID  RESPONSE  TO  FIELD 
PROBLEMS 

•  VALIDATION  OF  CONTRACTOR 
iTECHNOLOGV 

•  IN  HOUSE  HANDS  ON  CAPABILITY 


ULTRASONIC  HOLOGRAPHY 

X-RAY 

N-RAY 

IMAGE  ENKAKCCVCNT 
EOOY  CURRENT 
INFRARED  RADIOGRAPHY 
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{«0¥E(ITIAL  COiVlPOSITES  PROFITS 


CRASH  ? 

INJURY  f 

INVESTIGATIONS  \ 


\37  FULL  SCALE  A/C  CRA.SH  TESTSK 
|4  -90  TECHNICAL  REPORTS  H 
W  PROTOTYPE  HARDWARE 


CRASHWORTHY 
FUEL  SYSTEM 


PRINCIPLES  FOR  ^ 
IMPROVING  CTOL  [ 
&  STOL  ACFT  I 
STRUCTURAL  CW  ^ 


'k  UHID/H 
\  CWFS 
f  OPERATIONAL 

STRUCTUAL  k 
CW  HATH  h 

MODEL  'CRASHy 
(UNIAXIAL)  ^ 


LUbAiiLLU 


UH-t  CRASH 
TEST  (T-381 

^  MIL-T-27422B 

STRUCTURAL 
GW  MATH 
MODEL  'KRASH' 
(3D) 


CU-47  CRASH 
TESTS  (T-39  &  -40) 


CORRELATION  I 
i  OF  'KRASH' 
f  WITH  CH-47 
DATA 


CRASHWORTHY 
>  COMPOSITE 
AIRFRAMES 


DRAFT  CRASHWORTHY  k  WH  &  UH-60A 


CRASHWORTHY  SEATS 
&  RESTRAINTS 

USAAVLABS 
TR  67  22 

'XRASH  SURVIVAL 
DESIGN  GUIDE" 


MIL-S-58095 


USAAMRDL  | 

,  TR  71-22  I 

"CRASH  SURVIYALI 
DESIGN  GUIDE"  * 


TROOP  &  CREW  SEAT! 
&  RESTRAINT  SYS 
MIL-SPECS 

MIL-STD-1280 
/'LIGHT  nXED  & 
ROTARY-WIKG  ACH 
CRASHWORTHINESS" 


k  SEATS  BASED 
f  ON  ATL 
PROTOTYPES 

.  USARTL  mm 
unASK  -egusH 
lAAHl)  survival 

^ASHLT  DESIGN 
f  GUIDE" 


ADVANCED  CONCEPTS  FOR  COMPOSITE  STRUCTURE 
JOINTS  AND  ATTACHMENT  FITTINGS  PROGRAM 

DAAJ02-77-C-0076 


This  briefing  covers  the  analytical  work  accomplished  under  the  Composite 
Joints  and  Fittings  Program. 

This  program  is  sponsored  by  the  Applied  Technology  Laboratory  (ATL)  of 
the  U.  S.  Army  Research  and  Development  Command,  Fort  Eustis,  Virginia, 
under  Contract  DAAJ02-77-C-0076 
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COMPOSITE 


JOINTS 


AND  ATTACHMENT  FITTINGS 


AGENDA 

0  BRIEF  PROGRAM  SUMIVIARY 
0  ANALYTICAL  METHODS  USED 


COMPOSITE  JOINTS  AND  ATTACHMENT  FITTINGS 
PROGRAM  SUMMARY 


PROGRAM  SCHEDULE 


>  GOVT  ACTION  ITEM 
CONTRACT  GO-AHEAD  WAS  9/30/77 


Hughes  Helicopters 
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This  program  is  divided  into  four  phases: 


I  Preliminary  Design 

II  Detail  Design 

III  Fabrication  and  Test  of  16  specimens  covering  three  joint/fitting  designs 

IV  Documentation 

The  program  is  scheduled  for  25  months  with  21  months  of  technical  effort  and 
4  months  for  final  report  preparation,  approval  and  release. 

The  program  commenced  on  30  September  1977  and  will  end  in  October  1979. 

We  are  currently  awaiting  release  of  Phase  III. 


COMPOSITE  JOINTS  AND  ATTACHMENT  FITTINGS 
PROGRAM  SUMMARY 


OBJECTIVE 

Develop  Competitive  Basic  Concepts 
Helicopter  Primary  Joints  &  Fittings 
Capable  of  Disassembly 
Cost  Effective 
Save  Weight 
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Hughes  Helicopters 


The  program  objective  Is  to  develop  competitive  basic  concepts  for  helicopter 
primary  joints  and  fittings  capable  of  disassembly  using  composite  materials 
which  when  Integrated  Into  composite  components  are  cost  effective  and  save 
weight  when  compared  to  the  baseline  metallic  component* 


I 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


ANALYTICAL  METHODS  USED 


0  PRESENT  STATE-OF-THE-ART  CONVENTIONAL  ANALYTICAL  METHODS 

0  THE  ANGLE  BRACKET  INTERLAMINAR  STRESS  ANALYSIS 
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Hughes  Helicopters 


COWIPOSITE  JOINTS  AND  FITTINGS 


ANGLE  BRACKET 


0  ANGLE  BRACKET  -  INTERLAMINAR  STRESS  ANALYSIS 

-  PROBLEM  DEFINITION 

-  METHODS 

-  COMPARATIVE  ANALYSIS 

-  OBSERVATIONS 


Hughes  Helicopters 


One  of  the  problems  that  warranted  attention  Is  the  laminated  corner 
of  tension  joints. 
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COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 
PROBLEM  DEFINITION 

•  TYPICAL  CORNER  BRACKET  TENSION 
JOINT 

•  NATURE  OF  THE  PROBLEM  -  EXISTING 
DISCONTINUITIES 

la)  TENSION  JOINT 

(b)  THE  CORNER  -  PREMATURE, 

DELAMINATIONS 

(C)  MATERIAL  -  ANISOTROPIC 

-  HETROGENEOUS 

-  LAMINATED 

COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


ASSUMPTIONS 

•  ENVIRONMENTAL  EFFECTS  ARE  IGNORED 

•  MATERIAL  IS  HOMOGENEOUS,  ORTHOTROPIC  IN  LOAD  AXIS  . 
WITH  MATRIX  ELASTIC  PROPERTIES  IN  THE  LATERAL  DIRECTION 

•  LOAD  IS  UNIFORMLY  DISTRIBUTED. 

OBJECTIVE 

•  TO  ESTABLISH  METHODOLOGY  FOR  THE  DETERMINATION  OF 
INTERLAMINAR  STRESSES 


Hughes  Helicopters 
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COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 

ANALYTICAL  METHODS 

•  THEORETICAL  -  THE  FINITE  DIFFERENCE  SCHEME 

•  THE  FINITE  ELEMENT  SCHEME  -  NASTRAN 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


THEORETICAL 


INTERLAMINAR  SHEARING  STRESS 
LAMINAS  J  AND  K 


.A, 


'^ZX  =  -J  (ay^dx.  + 


’hi: 


1.69 
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MULTI.DIRECnONAL  PLANE  ANISOTROPIC  PLATES 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


LAMINATED  PLATE  THEORY 


[«'*']-  »'il  f'/i  r?j 
La^!  A'i  AV 

f/fi  rh  fh] 
I/'*')  -  /'/i  /'ii  f'h 

L/^i  /'h  rk 


-  r*  -  '■i-iiP'''] 

fc*]  -  «(C“j  -  i(/.i  - 


>  r 

g?2  iViJ 

_C/ 


““  M*!  ^Vi  *“  /*V!i  *"  p^/jJ  )**'./#■ 


+U!A 


+iAi'i-pr,  A’i'i-r'i'ij N.,,, 

In  •  limilar  manner 

.r  (H 

fS5»-  - «yi  li'ij 


+w-pVi  Ai'i-pr,  H.„, 

+u!ii  jtVi  liv  y.« 


Hughes  Helicopters 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


LAMINATED  CYLINDRICAL  SHELL  THEORY 


tS'- -  tTii'.".  *Vi  fVli'  V 

l-l  t 


y.*.. 

r* 

y^» 

irui".  isi  isii 

y..# 

r 

«y^ 

i-iL 

y^ 

+ -  pft  fcVi  -  p\\  AVi  “  ^  +  UTi‘;  uHi  ^ 

y^ 


+ LAV.  -  A!ft  -  pyi  Aft  -  pftjp;r^  ] 


+  lAft  -  pVi  Aft  -  pft  Aft  -  pftj  j‘  +  Uft  pTi  P'»J  ^ 


+  lAft-pft  AftTft  Aft-pftj^ 


Hughes  Helicopters 
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COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


INTERLAMINAR  TENSION 


BASED  ON  THE  THICK  PLATE  THEORY 
3-DIMENSIONAL  ANISOTROPY  ELASTIC  PROPERTIES 


=  {e} 

{Cr|”  [Cy]“{e  f  k"' LAMINA 

BUT  {e}^{e}=[Sy]{(r} 
WHERE  .  [Si.,]  =  [Cu]‘' 

•••  [Ccjltsy]  l<r} 

[CLj]=  STIFFNESS  MATRIX 
[SLj]=  COMPLIANCE  MATRIX 


■■xmmiTTTfjmr 


■|TITTTTTn^ 

<^3 


<r^ 


(K) 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


FINITE  ELEMENT 

-  PREPROCESSOR  -  MESH  GENERATOR  "GENGRID" 

IDEALIZATION 

PARAMETERS 

ELEMENTS 

-  BOUNDARY  CONDITIONS 

-  MATERIAL  PROPERTIES 

-  APPLIED  LOADS 

-  NASTRAN  EXAMPLE 


Hughes  Helicopters 
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COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


THE  FINITE  ELEMENT  ; 

4 

1 

a.  MODEL  C-l 

AN  IDEALIZATION  OF  THE  ANGlf  BRACKET  TO  STUDY  THE 
INTERNAL  DISPLACEMENT/LOAD  DISTRIBUTION 

b.  MODEL  C-2 

A  "LAMINATED  STRIP"  TAKEN  FROM  C-l  TO  DETERMINE  THE 
INTERLAMINAR  STRESS/STRAINS 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


DESIGN  PARAMETERS 


Hughes  Helicopters 


DwT 

Dlt 

H 

Po 

Mo 


WASHER  TO  TANGENT  LINE  DISTAF 
LOAD  TO  TANGENT  LINE  DISTANCE 
EDGE  DISTANCE 
APPLIED  NORMAL  LOAD 
APPLIED  BENDING  MOMENT 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


PREPROCESSOR  GENERATED  NASTRAN  MODEL  (C1-0)t  AND 
THE  COORDINATE  SYSTEr^S 

ELEMENTS  -  270 
GRID  POINTS  -  622 


COORDINATE  SYSTEMS 
©For  generating  the  flat  parts  of  the  bracket,  and 
for  Output  of  displacements  of  all  grid  points.  • 

©For  generating  the  cylindrical  bend  part  only. 

For  material  orientation,  and  for  output 
of  stresses  for  the  corresponding  parts. 
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COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


ISOPERAMETRIC  ELEMENTS 
"MSC/NASTRAN" 


1.  HEXA 


2.  PENTA 


^  G3  ^  ^  ea 


Hughes  Helicopters 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


BOUNDARY  CONDITIONS  MODEL  C-1 


Washer  Boundary  is  Fixed 


Edge  Constrained  Normally 


WASHER 

bolt- 


tangent  LfC 


Hughes  Helicopters 


COMPOSITE  JOINTS  AND  FITTINGS 


ANGLE  BRACKET 


I  0  0  0  0  G 

0  0  2MN  0 

0  0  -2MN  0 

G  0  0  M  G  -N 


0  -MN  MN  G  M-N^  G 


G  G  G  N  G  M 


MATERIAL  PROPERTIES 


X,l 


WHERE: 

M  =  CGS  e 
N=SIN  0 


Hughes  Helicopters 


APPLIED  LOADS 
CASE  1 

UNIFORMLY  DISTRIBUTED  PULL 


( 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


MODEL  C  1 
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COMPOSITE 
JOINTS  & 
FITTINGS 


ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 


ANGLE  BRACKET 


COMPOSITE  JOINTS  AND  FITTINGS 


ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 

ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 


ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 


ANGLE  BRACKET 


1 

1 

i 


UNIFORM  PULL  SUBCASE  I 


■i 


COMPOSITE  JOINTS  AND  FITTINGS 


PARAMETRIC  ANALYSIS 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 


PREPROCESSOR  GENgRATFD  HASTRAN  HODH.  (Cl-8).  AND 

TH^  cooPniNATESY^Te^?.  ^ - _ ^ _ 


ELEMENTS  •  70 

GRID  POINTS  »  184 


COORDINATE  SYSTEMS 

^^For  generating  the  flat  parts  of  the  bracket,  and 
for  output  of  displacements  of  all  grid  points,* 

©  For  generating  the  cylindrical  bend  part  only. 


For  material  orientation,  and  for  output 
of  stresses  for  the  corresponding  parts. 
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COMPOSITE 
JOINTS  & 
FITTINGS 

ANGLE  BRACKET 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 

ANGLE  BRACKET 
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COMPOSITE 
JOINTS  & 
FITTINGS 


ANGLE  BRACKET 


COMPOSITE  JOINTS  AND  FITTINGS 
ANGLE  BRACKET 
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'INVESTIGATION  OF  THE  CRASH  IMPACT  CHARACTISTICS 
OF  COMPOSITE  HELICOPTER  AIRFRAME  STRUCTURES" 

ARMY  CONTRACT  DAAJ02-77-C-0062 


-  LITERATURE  SURVEY  AND  ASSESSMENT  OF  S.O.A. 

-  DESIGN  CONCEPTS 

-  STRUCTURE  CRASH  SIMULATION  ASSESSMENT 
•  GRUMMAN  "DYCAST" 

-  CONCLUSIONS  AND  RECOMMENDATIONS 


BV  :  JIM  CRONKHITE  -  BELL  HELICOPTER 
TEXTRON 

BOB  WINTER  -  GRUMMAN  AEROSPACE 
CORPORATION 


vilwcRAi’ii  i.AY(«n'  siiKirr 
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AVAIbMtLt  CivASIlliORHIlilLSS  DESlGll  CHITI'.RIA 


ENERGY  ABSORBING  FRONTAL  STRUCTURE 

191 


RESEARCH  IN-PROGRESS 


•  NASA  -  AIRFRAME  CRASHIWRTHY  CONCEPTS 

•  BELL  -  COMPOSITE  CYLINDER  TESTS 

•  ARMY  TESTING: 

-  COMPOSITE  STIFFENED  CYLINDERS 

-  FUSELAGE  FLOOR  SECTIONS 


NASA/BELL 

AIRFRAME  CRASHUORTIIY  CONCEPTS  -  METAL 


BEFORE 

IMPACT 


AFTER 


FORHABLE  CORRUGATED 

KEEL  WEB  keel  WEB 


HONEYCOMB  CORRUGATED  LONGITUDINAL 

OR  FOAM  SUBFLOOR  +  FOAM  TUBES  +  FOAM 
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NASA/BELL 


AIRFRAME  CRASHWORTHY  COIICEPTS  -  COMPOSITE 


HONEYCOMB  OR  FOAM  WITH 
KEVLAR  BELLY  SKIN 


energy  absorbing  composite 

CRUSHABLE  TUBES 


FOAM  AND  COMPOSITE  LONGI¬ 
TUDINAL  TUBES 


KEVLAR/SEMI-RIGID  FOAM/ 
FIBERGLASS  BELLY  PAN 


BELL  -  COMPOSITE  CYLINDER  TESTING 


LOAD  (XI 000  LB) 


ARflY  COMPOSITE  STIFFEIIED  CYLIfIDER  TESTS  - 
ENERGY  ABSORPTION  COMPARISON 


ELATIVE 

SEA 


ARMY  FUSELAGE  SECTION  TESTS 


1/2  SCALE  ALUMINUM 
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CONCLUSIONS 


•  VERY  LITTLE  DATA  EXISTS  ON  CRASH  IMPACT  OF  COMPOSITE  STRUCTURES. 
SUMMARY  OF  DATA  THAT  WAS  FOUND: 

-  (AUTOMOTIVE  WORK)  SANDWICH  CONSTRUCTION  MORE  CRASHWORTHY 
THAN  SOLID  LAMINATE  (METAL-LIKE)  CONSTRUCTION 

-  (ARMY  STIFFENED  CYLINDER  TESTS)  COMPOSITES  CONSTRUCTED 
LIKE  METALS  HAVE  LOWER  ENERGY  ABSORPTION 

-  (BELL  AND  BUDD  CO.  STUDIES)  COMPOSITES  PROGRESSIVELY 
CRUSHED  HAVE  GOOD  ENERGY  ABSORPTION  CHARACTERISTICS 


•  CONSIDERABLE  DATA  EXISTS  ON  BASIC  STRENGTH  AND  PROJECT I LE/FOD 
IMPACT  OF  COMPOSITES.  BUT  NOT  APPLICABLE  TO  CRASH  IMPACT 


OVERALL  FUSELAGE 


FILAMENT  WOUND  COMPOSITE 
TUBE  REINFORCES  HATCH 


ELLIPTICAL  CROSS 
SECTION  LOWERS 
ROLLOVER  LOADS 


ENERGY 
ABSORBING 
CONSTRUCTION 
UNDER  FUSELAGE 
(foam- FILLED 
KEVLAR  TUBES 

shown) 


HATCHES  HAVE  ROUNDED 
REINFORCED  CORNERS 


WINGS.  EMPENNAGE 
DESIGNED  TO  BREAK 
OFF  WITHOUT  IMPINGING 
INTO  CREW  COMPARTMENT 


LONGITUDINAL 
STRAPS  PREVENT  SKIN 
TEAR  UP  AND  ASSIST 
ANTI-PLOUING 


-LOCALIZED  STRUCTURAL' 
FLOOR  REINFORCEMENT 
FOR  SEAT  ATTACHMENT 


SKINS  LAPPED  AFT  TO 
PREVENT  PLOWING 


HEAVY  SANDWICH  CONSTRUCTION 
TO  PREVENT  GOUGING 
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LONGITUDINAI  IMPACT  -  ANTI-PLQWING  CONCEPTS 


SLED-LIKE  NOSE  ENCOURAGES 
FUSELAGE  TO  SKID  OVER  THE 
GROUND  RATHER  THAN  GOUGE, 
ALSO  HELPS  PITCH  FUSELAGE 


NOSE  UP  FOR  NOSE  DOWN  IMPACTS 


SHARP  EARTH-GOUGING  SURFACE 


STRUCTURE  CRASH  SlflULATION  ASSESSMENT 


•  GRUMMAN  'DYCAST'  ANALYSIS  -  HASA/FAA  FUNDED 

-  METAL  FUSELAGE  SECTION 

-  COMPOSITE  FUSELAGE  SECTION 

•  LOCKHEED  'KRASH'  ANALYSIS  -  ARMY  AND  FAA  FUNDED 

-  TROOP  TRANSPORT  HELICOPTER  30  FPS  VERTICAL  IMPACT 
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HATH  MODEL  TYPES 


iriTERflEDIATE 


DETAILED 


HYBRID/FINITE  ELEMENT  ANALYSIS  COMPAR ISON 


FINITE  ELEMENT  HYBRID 
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DYCAST  ANALYSIS 


HETAL  COMPOSITE 


A 


PURPOSES 


EVALUATE  RELATIVE  CRASH  RESPONSE  UNDER  30  FPS  VERTICAL  IMPACT; 
BASELINE  CONVENTIONAL  METALLIC  FUSELAGE  SECTION 
ALL-COMPOSITE  SECTION  WITH  ENERGY  ABSORBERS 


0  EVALUATE  DYCAST  AS  A  DESIGN  ANALYSIS  TOOL 


ORUMMAN 
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DYCAST  MAJOR  FtATlIRES 


0  NONLINEAR  SPRING.  STRINGER.  BEAM.  &  SKIN  ELEMENTS 
0  PLASTICITY 
0  VERY  LARGE  DEFORMATIONS 
0  VARIABLE  PROBLEM  SIZE 
0  STOP.  REVIEW  «  CONTINUE 
0  DELETE  FAILED  MEMBERS 

0  4  DIFFERENT  SOLUTION  METHODS.  3  WITH  INTERNAL  VARIED 
TIME  STEP 

0  MODULAR  FORMULATION 

DYCAST 


INPUTS 

•  GEOMETRY 

•  ELEMENT  TYPES 

•  MATERIAL  PROPS. 

•  RIGID  MASSES 

•  IMPACT  SURFACE 

•  INITIAL  CONDITIONS 

•  CONTROL  PARAMETERS 


OUTPUTS 

•  PRINTED  &  PLOTTED 
HISTORY  OF  DISPL.,  VEL., 
ACCEL.,  STRAIN,  STRESS, 
&  LOADS  AT  CHOSEN  PTS. 

•  TIME-SEQUENCE  DRWGS 
OF  DEFORMING  STRUCT. 


BASELINE  METAL  SECTim 


ORIGINAL 


EQUIPMENT  10  LB  EACH 

// 


IDEALIZED  LEFT  HALF 
SEATS  &  FLOOR  NOT  SHOWN 


CaiPOSITE  SECTION  WITH  ENERGY  ABSORBERS 


ORIGINAL 


IDEALIZED  LEFT  HALF  SEATS  &  FLOOR 


QWUMMAN 


RIGID  CREH/SEAT  VERTICAL  ACCELERATION 


SUIWRY  OF  DYCAST  SIMULATIONS  30  FPS  DROP 


CONSTRUCTION 


CONVENTIONAL  ALUMINUM 


ALL-COMPOSITE  WITH  ENERGY 
ABSORBERS 


ASSESSMENT 


SUBFLOOR  VERY  STIFF 
FOR  THIS  CONDITION. 


REDUCED  PEAK  G's  BY  FACTOR 
OF  6.  USED  <  15%  ABSORBER 
CAPACITY  FOR  THIS  CONDITION. 


ASSESSMENT  OF  DYCAST  AS  CRASHWORTHINESS 
DESIGN  ANALYSIS  TOOL 


a  SHOWED  GROSS  BEHAVIOR:  OVERALL  STRUCT.  DEFORMATIONS, 

CRITICAL  MASS  MOTIONS 

0  SHOWED  DETAILED  RESPONSE:  INDIVIDUAL  COMPONENT  BEHAVIOR  OF  METALS  8  COMPOSITES, 

INCLUDING  STRESS,  STRAIN  DISTRIB.,  DEFORMATIONS 
AND  LOADS 

0  INDICATED  DETAILED  MODIFICATIONS:  OVERLOADED  COMPONENTS  8  EQUIP.  ATTACHMENTS, 

UNDERUSED  ENERGY  ABSORBERS 

0  MODERATE  COST  TO  RUN:  1.9  CPU  MINS/MSEC  ON  IBM  370/168  FOR  194  NODES,  422 

ELEMENTS,  471  DOF  (excluding  graphics) 

0  CURRENT  DEVELOPMENTS:  REBOUND  8  SECOND  IMPACT 

AUTOMATIC  FAILURE  CRITERIA 

0  FUTURE  DEVELOPMENTS  NEEDED:  SANDWICH  PLATE  ELEMENT 

INJURY  CRITERIA 
ENERGY  MANAGEMENT  DATA 
TEST  VERIFICATION 
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flAJOR  CONCLUSIONS 


•  STRUCTURE  CRASH  SIMULATION 

-  AT  PRESENT.  BOTH  HYBRID  (KRASH)  AND  FINITE  ELEMENT  (DYCAST)  CRASH  ANALYSIS 
METHODS  NEEDED  -  HYBRID  FOR  PRELIMINARY  ANALYSIS  OF  ENTIRE  AIRFRAME, 

FINITE  ELEMENT  FOR  DETAILED  STRUCTURE  ANALYSIS  AND  INPUT  TO  HYBRID,  BOTH 
NEED  FURTHER  WORK 

-  PROBLEM  GETTING  INPUTS  TO  KRASH  -  NEED  DATA  BASE  OF  STRUCTURE  RESPONSE 

-  VALIDATION  OF  DYCAST  NEEDED 

•  POTENTIAL  DESIGN  CONCEPTS  PRESENTED  FOR  SEVERAL  AREAS  IMPORTANT  TO  A  CRASHWORTHY 
DESIGN,  THESE  NEED  FURTHER  RESEARCH 

•  BASED  ON  THE  RESULTS  OF  THIS  STUDY,  COMPOSITE  AIRFRAME  STRUCTURES  SHOW 
PROMISE  OF  MEETING  THE  ARMY  CRASHWORTHINESS  REQUIREMENTS  THROUGH  INNOVATIVE 
DESIGN 

•  BECAUSE  OF  THE  LACK  OF  DATA  FOUND  IN  THE  LITERATURE  SURVEY,  A  COMPREHENSIVE 
LONG  RANGE  RESEARCH  PROGRAM  IS  NEEDED  TO  DETERMINE  THE  CRASH  IMPACT  BEHAVIOR 
OF  COMPOSITE  STRUCTURES 


PROPOSED  LONG  RANGE  R&D  PLAN 


1.  SET  GOALS 

-  DESIGN  C/W  COMPOSITE  HELICOPTER  AIRFRAME 

-  NEED:  DESIGN  DATA,  ANALYTICAL  TOOLS,  REQUIREMENTS 

2.  STANDARDIZE  TESTING  METHODS 

3.  DEVELOP  FIRM  AND  RELIABLE  DATA  BASE  -  COMPARE  COITOSITES  TO  METALS 
DEVELOP  ANALYTICAL  TOOLS 

5.  INTEGRATE  WITH  RELATED  DEVELOPMENTS:  ENVIRONMENT,  SEATS,  ROTOR, 
LANDING  GEAR 

6.  UPDATE  ARMY  "CRASH  SURVIVAL  DESIGN  GUIDE*  TO  REFLECT  RESULTS 

7.  INDUSTRY/GOVERNMENT  ADVISORY  GROUP  TO  ENCOURAGE  PARTICIPATION 
AND  GUIDE  PROGRAM 
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ELEHEHT  UIVESTIGATIOH 


fIFG  fOHOD 

CATEGORIES 

SPECIMENS 

LOADING 

LAB  (IDEAL) 

1. 

ENERGY  ABSORBING 

-  LAMINATES 

-  STATIC 

CONCEPTS 

-  PANELS 

-  DYNAMIC 

FACTORY 

2. 

CONVENTIONAL  STRUCTURE 

-  SHAPES 

-  JOINTS,  SECTIONS 

-  COMBINED 

3. 

CONCENTRATED  LOADS, 
AnAClIflENTS,  CUTOUTS 

-  FiniNGS,  HARDPOINTS 

ASSEMBLY  INVESTIGATION 

fIFG  METHOD 

CATEGORIES 

SPECIMENS 

LOADING 

U\B 

1. 

C/W  DESIGN  CONCEPTS 

TYPICAL  AIRCRAFT 

-  STATIC 

FACTORY 

2. 

CONVENTIONAL  STRUCTURES 

SECTIONS: 

-  FLOOR 

-  DYNAMIC 

-  COMBINED 

3. 

INNOVATIVE  DESIGNS  AND 

-  FRAME 

HFG  METHODS 

-  STIFFENED  CYLINDER 

(LOAD  RADIAL  8  AXIAL) 

-  nOHOCOQUE 

PROPOSED  RESEARCH  PROGRAM 


AIRFRAME  STRUCTURE 


RELATED 


R&D  ANALYSIS 


-  DESIGN  DATA 

-  ANALYTICAL  TOOLS 

-  REQUIREMENTS 
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